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ABSTRACT 


In the gulf of Maine life conditions of the phytoplankton were found to be in agreement with 
those described from the coastal waters of Northern Europe. The surface layers are during 
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summer more or less stratified, indicating a fairly low degree of turbulence. Where the stratifica- 
tion is broken up, by vertical mixing, the waters are so transparent that the total effect of the 
turbulence on the productivity is favourable, the supply of nutrient salts resulting in an increase 
of the population, exceeding the loss by vertical transport. 


In the bay of Fundy, on account of the exceptionally high tidal range, the turbulence of 
the waters is so strong throughout the year that their nitrate and phosphate content nearly 
always was found to be high, even at the surface. The production of phytoplankton, therefore, 
can hardly be limited by the lack of nutrient salts. A relatively high turbidity of the waters and 
much cloudy weather make the productive zone shallow. Consequently the high degree of 
turbulence may even diminish the productivity of the waters by carrying the diatom cells down 
below the illuminated zone for a greater part of their life. A pronounced phytoplankton 
minimum in June probably is mainly a result of this effect of turbulence. 


PREFACE 


During the summer of 1931 the International Passamaquoddy Fisheries 
Commission appointed Dr. H. H. Gran as an expert for studying the possible 
effect which the projected Cooper dam might have on the general productivity 
of the bay of Fundy, with special regard to phytoplankton production. In 
September 1931 a preliminary investigation was made by Dr. Gran in Passama- 
quoddy bay and the bay of Fundy. The same stations were worked as had been 
studied during the summer by Dr. Charles J. Fish with regard to the zooplankton. 
Chlorine determinations were made by Mr. Charles Hughes and phosphate 
analyses by Dr. John Morton. 


Based upon the results of this preliminary survey, in collaboration with Dr. 
Charles J. Fish, a plan was laid for the work in 1932. Phytoplankton and 
zooplankton material would be collected on board the same boat, at the same 
stations, covering the bay of Fundy and parts of the gulf of Maine. It was found 
necessary to include simultaneous observations on the physical and chemical 
conditions affecting the growth of the phytoplankton, at all stations and depths 
where samples were collected for the study of the phytoplankton. At a meeting 
of the International Passamaquoddy Fisheries Commission in September 1931, 
this plan was accepted and Mr. Trygve Braarud was appointed an assistant 
expert for the phytoplankton investigations from March 9, 1932. 


In 1932, according to the program, cruises covering the whole area of 
investigation were made in April, June and August, and a cruise in the bay of 
Fundy in September. The material obtained was supplemented by local ob- 
servations at other seasons and by samples from additional stations. 


The material was worked up by both authors in collaboration, partly at 
the Atlantic Biological Station, St. Andrews, N.B., and partly at the Woods 
Hole Oceanographic Institution, Woods Hole, Mass., and at the University of 
Oslo, Norway. The chemical analyses on nitrate, phosphate and oxygen content 
of the sea water, were carried out by Mr. Braarud, who also studied half the 
phytoplankton material, viz., that collected during March, April, May, and 
(in part) June and September. Dr. Gran examined the rest of the June material 
and that of the regular cruises in August and September. The manuscript has 
been prepared jointly by the two authors. 
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Commission for the opportunity to carry out this very interesting investigation; 
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and the assistants, Mr. James Bates and Mr. Charles Hughes, for friendly colla- 
boration. To Dr. A. G. Huntsman and Dr. Henry B. Bigelow we owe special 
thanks for the facilities given to us during the work at the Biological Station 
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neverfailing interest in our work. We are also indebted to Dr. Viola Davidson, 
Mr. H. B. Hachey, Dr. John Morton and Dr. R. W. Sawyer for valuable in- 
formation and discussions on special subjects of our problem. 


INTRODUCTION 


PROGRAM OF THE INVESTIGATION 

How might the productivity of the bay of Fundy and the adjoining parts 
of the gulf of Maine be influenced, should the inlets to Passamaquoddy bay 
and Cobscook bay be closed by the projected dams? To give an answer to this 
question we regarded as the special problem to be solved by our phytoplankton 
investigations. 

The preliminary presentation of the general problems by Dr. A. G. Hunts- 
man (1931) and his interesting theoretical discussion were based upon the 
generally adopted theory of Brandt and Nathansohn, that (1) the production 
of phytoplankton is or can be limited by lack of nutritive substances in the 
illuminated surface layers, principally of phosphate and nitrogen compounds; 
(2) the surface layers may be depleted of phosphates and nitrogen by the meta- 
bolism of the phytoplankton and the sinking of dead and living bodies, with the 
effect that phosphorus and nitrogen compounds accumulate in the deeper layers 
and are there decomposed by bacteria, with nitrates and soluble phosphates as 
the final products; and (3) that vertical movements of the water must favour 
new growth of phytoplankton through the mixing which carries nutritive sub- 
stances to the illuminated zone from deep waters. 

On the other hand a series of facts observed in recent years indicates that 
vertical mixing, besides having a favourable effect, may have an unfavourable 
influence on the growth of the phytoplankton, because it prevents the living 
cells from accumulating in the illuminated zone where they may utilize the light 
for photosynthesis, and the nitrates and phosphates for growth and propagation. 
Particularly diatoms, which have the most rapid growth among the plankton 
algae and are therefore especially capable of utilizing favourable nutrient con- 
ditions, will be most liable to be carried downwards by such movements, as 
they have no faculty of actively moving to the zone of optimal life conditions. 

This idea was first suggested by Atkins (1928) to explain the variations 
from one year to the other in the time for the beginning of the characteristic 
spring growth of diatoms in the northern European waters. Braarud and Klem 
(1931) also showed that this theory can explain the peculiar successive develop- 
ment of the spring plankton over the coastal banks off Lofoten and More in 
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Norway, described by Féyn (1929) and Gran (1929, 1930). The growth here 
begins near the shore and almost simultaneously at the outer edge of the banks, 
but it is about two weeks before the waters over the intermediate parts of the 
bank are populated by a rich diatom plankton. Braarud and Klem demonstrated 
that the waters, after the hibernal vertical circulation, are first stabilized at the 
coast and over the edge, while the vertical movements are still going on over the 
bank. As long as the vertical circulation continues and the surface waters are 
not stabilized, a rich diatom plankton is unable to develop, in spite of sufficient 
quantities of nitrates and phosphates being present at the surface. Gran 
(1932) described similar conditions from the Weddell sea in the Antarctic, where 
a rich growth of diatoms was prevented from utilizing the enormous quantities 
of nitrates and phosphates present, until the surface layers were stabilized about 
New Year’s time, by the melting of the ice. 

In the bay of Fundy, the preliminary investigations in September, 1931, 
seemed to indicate that such conditions might prevail, as the phosphate content 
was generally high, while the phytoplankton at several localities was extremely 
poor. Therefore, it was fundamental in our investigation to study and compare 
the positive and negative effects of the vertical mixing in these turbulent waters. 
For comparison the investigations were extended to the gulf of Maine, where 
a pronounced stratification of the waters was found by Bigelow (1927) to prevail 
during summer. For practical reasons only the western part of the gulf was 
made the object of as intensive a study as the bay of Fundy. 

The following program was decided upon, for collection of material. 
Monthly cruises were to be made from winter to the following autumn for 
hydrographic observations (temperature and salinity), for some chemical studies 
(phosphate, nitrate and oxygen content of the sea water) and for collection of 
phytoplankton samples (centrifuge plankton) and of zooplankton samples 
(Fish and Johnson unpub). Each cruise was to include observations at the 
same localities (stations) in the bay of Fundy and the western part of the gulf 
as far south as the offing of Casco bay (see map of the Pelican stations, figure 15). 
Unfortunately a fire in March, 1932, at the Atlantic Biological Station, the base 
of the field work, destroyed the greater part of the equipment for this work. 
The result was that the collecting of phytoplankton material was delayed and 
could not start until the month of April, and the chemical work had to be left 
out until the May cruise. ‘Though it was desirable to continue the investigation 
through part of the next year, at least, cuts in the appropriations made it neces- 
sary to discontinue the field work after the first of October 1932. These in- 
cidents, which were beyond our control, caused a considerable curtailment of 
our plans and made the material less complete than we had hoped for. On the 
other hand, through the liberal collaboration of the other investigators, we 
obtained valuable material from other localities than those visited on our monthly 
cruises. 

New problems which arose during the investigation, particularly that of the 
influence of the light conditions, could not be followed as far as desirable because 
of lack of time. After all, however, the material of observations collected during 
the survey has given an unique opportunity to study the development of the 
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phytoplankton through the main season of production in a very interesting area, 
and also its dependence on a series of physical and chemical factors. 


NOMENCLATURE OF THE REGION 


The following nomenclature will be used in referring to the various regions 
which come under consideration in reports of the International Passamaquoddy 
Fisheries Commission (see figures 1 and 2). 

The QUODDY REGION, comprises the whole body of water which lies 
between a line drawn from West Quoddy head to the northern extremity of 
Grand Manan island and on to point Lepreau. Further subdivisions of the 





FiGuRE 1. The bay of Fundy and gulf of Maine region. 


Quoddy region are: Passamaquoddy bay, or the Inner bay, lying inside of 
Deer island and not including any part of the passages which connect it to the 
outside waters; Cobscook bay, lying within a line drawn from Eastport to 
Lubec; and the Quoddy passages, which include the entrance passages to 
those two bays with the waters among the many small islands outside Deer 
island as far as a line drawn from East Quoddy head (or Head harbour light) 
to Bliss island; and finally the Outer Quoddy region, which is that part of 
the Quoddy region lying outside of this line and within the line from West 
Quoddy head to Grand Manan and on to point Lepreau. 

GRAND MANAN CHANNEL is the body of water between Grand Manan 
island and the coast of Maine extending from the Quoddy region to a line drawn 
from Machias bay, Maine, to Machias Seal island and up to Southwest head, 
Grand Manan. 
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The BAY OF FUNDY extends in a north-easterly direction from the 
gulf of Maine and the position of a line chosen to divide the two regions for 








FIGURE 2. The Quoddy region. 


purposes of reference must be somewhat arbitrary. We shall consider the boun- 
dary of the bay of Fundy to extend from Machias bay, Maine, to Grand Manan 
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bank and across to Brier island, N.S. The name bay of Fundy will be used to 
represent the entire bay in distinction to the gulf of Maine, and also the major 
portion of the bay excluding the Quoddy region and Grand Manan channel in 
distinction to either or both of these areas. 


HYDROGRAFHIC CHARACTERISTICS OF THE REGION 


The hydrographical part of the Commission’s work was carried out by 
Dr. E. E. Watson and the results are to be published separately. Some hydro- 
graphical observations were also made as part of the biological survey. A few 
of these have been used for the hydrographical account, but most of them are 
chiefly of interest in connection with the plankton material and will be recorded 
here in the form of vertical sections. 


The presentation of the phytoplankton material is to a very large extent 
based upon a detailed comparison of hydrographic and chemical data with the 
phytoplankton data. In order to give a basis for the consideration from this 
point of view, it is necessary to give a short account of the main hydrographic 
features of the bay of Fundy and the gulf of Maine. Papers by Bigelow (1927 
and 1928) and Watson (unpub.) have furnished most of the material for this 
short review and are recommended for more detailed information on the hydro- 
graphy of the region. Papers by Bigelow include a complete bibliography of the 
hydrographical work in these waters. For illustrating the outstanding points 
we are using the hydrographical sections based upon the material from the present 
investigation (figures 3 to 14). 

The gulf of Maine forms an open bay, but below the 100 m. level it is land 
locked except for two narrow entrances, the Northern and Eastern channels 
on either side of Brown’s bank. These topographical features and the mass of 
heavy slope water along the outside of the continental shelf, provide a barrier 
against the oceanic waters further out and are prerequisite for the anti-clockwise 
circulation within the gulf. The main contributions of water to the gulf are: 
(1) fresh water from rivers and precipitation, (2) coastal water from the bay of 
Fundy and at some times of the year from the banks south of Nova Scotia (the 
Nova Scotia current), and (3) salt slope water moving in through the deep parts 
of the channels. Fed from these sources and subject to heating and chilling, 
the different strata in various parts of the gulf retain much the same charac- 
teristics in temperature and salinity from one year to another. The salinity 
of the waters throughout the gulf is always found to be lower than 35°/. and the 
temperature is very seldom found to exceed the range from 0 to 20°C. 


The winter cooling goes on until late February or early March and results 
in an almost homogeneous layer from the surface down to a depth of 100 metres. 
Later the vernal freshening and heating produce a warmer and lighter surface 
layer which is more pronounced in the central part of the gulf than close to shore 
where tidal currents stir the water to a greater extent. During April and May 
the heating continues so that in the gulf three water-layers are formed which 
can be recognized all through the summer: (1) a rather fresh, warm surface layer, 
(2) a fairly salt, cold intermediate layer and (3) the salt, medium warm 
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bottom water. (For actual temperature and salinity figures see sections in a 
figures 3 to 14). s 
The temperature of the surface layers increases through summer until T 
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FicurE 3. Bay of Fundy. Temperature distribution in May. Cruise 27. (For location of 
stations see figure 15). 


late in August, reaching 18 to 20°C. in the inner part of the gulf, while the 
intermediate layer, insulated from direct heating by the light surface waters, is 
heated very slowly and as a whole is remarkably stationary. The bottom layers 
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are supplied with water of such a uniform character and at such a rate that the 

salinity and the temperature there change very little throughout the year. 

The stratification is so marked that the surface layers in summer reach a high 
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FicurE 4. Bay of Fundy. Salinity distribution in May. Cruise 27. 


degree of stability, thus forming a bulwark against atmospheric influences on 
the lower strata. From September through the autumn and early winter, the 
surface layers are cooled, and consequently the stability decreases gradually 
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and the tides and the strong winter winds stir these water layers more and more 

effectively. The result is that by the end of February or the beginning of March, 

as previously mentioned, the upper 100 metres are practically homogeneous. | 
In the gulf, the mixing due to tidal currents and other water-movements 

is not so violent and is only noticeable in a few localities. One of these is Georges 
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FicureE 5. Gulf of Maine. Temperature distribution in May. Cruise 27. (See figure 15). 


bank, where vertical mixing is so effective that the water, even in summer, is 
found to be rather homogeneous. Along the coast, the tidal currents between 
islands and over shoals causes turbulence, making the waters there more uniform 
than in the central part of the gulf. Only exceptionally does the mixing reach 
such an intensity that the stratification is completely destroyed. However, 
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close to land the waters are a little less stratified than further offshore. This 
is illustrated in the sections by the upward trend of the isolines towards the coast 
(see figures 5 and 6, 9 and 10, 13 and 14). 

The bay of Fundy is a slightly funnel-shaped side branch of the gulf of 
Maine. Its location and shape make the tidal currents very strong, a feature 
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Ficure 6. Gulf of Maine. Salinity distribution in May. Cruise 27. 


which in combination with the great inflow of fresh water produces hydrographic 
conditions very different from those in the gulf. The mean range of the tides 
reaches 17 m. (51 feet) at the head of the bay, and even in Passamaquoddy 
bay is more than 8 m. (24 feet). The rushing tidal currents which during every 
tidal period transport huge water masses, necessary for such a change in water 
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level from high to low tide, produce mixing of the upper strata. The result is At 
that these layers as a whole are more homogeneous than in the gulf of Maine. af 
The heat, absorbed by the surface layers during spring and summer, is thereby te’ 
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FicurE 7. Bay of Fundy. Temperature distribution in June. Cruise 28 (See figure 15). 


distributed in a thicker water layer. Consequently the surface temperatures in 
the bay of Fundy are, for example in April and May, found to be 6 to 8 degrees 
lower than in the gulf, a situation which continues throughout the summer. 
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At the same time the mixing ‘accelerates the heating of the sub-superficial strata 
after the temperature minimum in winter (see hydrographical sections). A 
temporary exception to this is caused by the Saint John river outflow, which 
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FicureE 8. Bay of Fundy. Salinity distribution in June. Cruise 28. 


has its maximum in April and May. At this time it produces a light surface 
layer off the New Brunswick shore, insulating the waters beneath in the same 
way as do the surface waters in the gulf of Maine. However, wind and tidal 
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mixing soon embody it in the layer below, producing the characteristic low degree 
in stability of the surface layers. 

The circulation within the bay is anti-clockwise. Surface waters from the 
gulf of Maine enter along the Nova Scotia side and the waters at the New 
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FicuRE 9. Gulf of Maine. Temperature distribution in June. Cruise 28. (See figures 15 
and 38). 


Brunswick shore move outwards, east of the Wolves and Grand Manan, down 
along the western coast of Maine into the gulf. The main part of this drift 
passes outside of the Quoddy region, which like the Grand Manan channel 
contains a water mass of rather independent character, although the outgoing 
waters contribute a little to the waters in these areas. The deeper strata of the 
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bay of Fundy are fed with salt deep-water from the gulf of Maine. Some of 
this deep-water is continually drawn into the Quoddy region by way of the channel 
between Grand Manan and the Wolves and is slowly but steadily consumed 
by the mixing mechanism in the Quoddy passages. Water which is formed 








200 + 








2SA 24A 
29.Sie W0.%oo Bthe 32.0% 
a—"_ 


32.0% 


[ | | | 
40 
32.8 %ee} 
| 32.5 %eo 


FicurE 10. Gulf of Maine. Salinity distribution in June. Cruise 28. 


by this mixing of deep water with the rather fresh water from the Passamaquoddy 
bay and Cobscook bay flows out at an intermediate level. 

Tidal mixing, caused by turbulence of different kinds, acts with various 
intensity in the different parts of the bay. In general, the waters along the 
shores and in shallow localities are more affected than offshore waters. The 
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most effective mixing areas are: (1) the Quoddy passages, (2) Grand Manan p 
channel, and (3) the head of the bay of Fundy. In all these localities the water r 
is practically thoroughly mixed from top to bottom throughout the year. The c 
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Ficure 11. Bay of Fundy. Temperature distribution in August. Cruise 30. (See figure 15). 


area where the water seems to be least affected is the central part of the bay; 
but even there the direct and indirect effect is considerable. 

Passamaquoddy bay is separated from the rest of the bay of Fundy by a 
row of islands and an interchange of water can take place only through Letite 
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passage and the Western passage (see figure 2). The freshening effect of the 
rivers emptying into it (St. Croix, Magaguadavic and Digdeguash rivers) is 
counteracted by the indraft of salt water to the deeper strata through the 
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FiGuRE 12. Bay of Fundy. Salinity distribution in August. Cruise 30. 


passages, and the tidal mixing of this deep water with the surface layers of the 
bay. As a result the conditions in Passamaquoddy bay are similar to those in 
the rest of the bay of Fundy, although the surface layers are of a little more 
estuarine character, in spring and summer having a higher temperature and 
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lower salinity, and consequent'y attaining a higher degree of stability, than 
elsewhere in the bay of Fundy. This difference is partly conditional upon the 
rather sheltered location of the bay in regard to wind action. 

The extensive influence of the exceptional tides in the bay of Fundy also 
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FicurE 13. Gulf of Maine. Temperature distribution in August. Cruise 30. (See figures 
15 and 39). 


affects the meteorological conditions. The low temperature of the surface 
layers in the bay of Fundy in summer, as compared with the warmer adjacent 
waters, is the immediate cause of local fog formation. Within the region, fog 
occurs by far most frequently in the bay of Fundy or in localities where bay of 
Fundy water is carried into the gulf of Maine, but it is also often formed where 
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an there are for some special reason locally cold surface layers, as along the western 
he coast of Nova Scotia. (See also page 319). 
= REMARKS ON THE DIFFERENT STATIONS 


In the bay of Fundy the hydrographical conditions vary, so much from one 
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FiGuRE 14. Gulf of Maine. Salinity distribution in August. Cruise 30. 


ce locality to another that even having 14 stations within the bay proper, there 
nt are not two stations which have conditions so similar that they can be considered 
rg together. In the discussion of the plankton conditions we are, therefore, forced 
of to treat the stations individually to a greater extent than is desirable for a clear 


re presentation. 
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The principle used for the numbering of the ‘‘Pelican’’ stations is the 
following. The number for a station, for instance 30.05, indicates its location 
by the figure after the period (as shown in the key map, figure 15) while the 
figure before the period is the number of the cruise. The cruises at which 
phytoplankton samples were taken are: the 26th from April 15 to May 2, the 
27th from May 18 to 31, the 28th from June 20 to July 1, the 29th on July 30, 
the 30th from August 8 to 21, the 3lst from September 12 to 13 and the 32nd 
from September 14 to 26. Figure 15 shows the location of the stations worked 
at the monthly cruises and the combination of stations used for the hydrographical 
and chemical sections. 








FicurRE 15. Location of stations worked during the cruises in April, May, June, August and 
September 1932. 


' 


We cannot undertake to give a detailed description of the hydrographic 
conditions at every station through the season, but we shall try to give a brief 
summary for each of them by referring to the map and the general remarks 
on the hydrography of the region found on the preceding pages. 

Station 8A is the only station at the mouth of the bay of Fundy where 
the inflowing water mass is regularly in evidence. Station 37 lies on the border 
between the waters moving inwards and the more stationary layers in the 
central part of the bay, represented by station 36. At some phases of the tide, 
stations 37 and 9 are dominated by mixed water, partly originating from the 
Digby gut mixing mechanism. Stations 10A and 11A during the ebb show 
mixed water from the head of the bay, while during the flood tide they are 
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reached by stratified water from the central part of the bay and from off Saint 
John. Station 12 is off the Saint John river outwash and station 13 is located 
further to the west in the outflowing waters along the New Brunswick shore. 
The only station in the outer Quoddy region is station 5, outside the passages. 
Station 6 is located just on the border between the Quoddy region and the 
New Brunswick shore waters. Its upper layers, therefore, sometimes have the 
characteristics of one, sometimes of the other of these regions. The two stations 
7 and 35, east of Grand Manan, are often much alike, having the outward drifting 
water masses on the top and the deeper water moving inwards in the lower 
strata; but station 35 is sometimes affected by surface water from the gulf. 
Depending on the phase of the tide, station 14 in the Grand Manan channel 
either shows thoroughly mixed water (high tide) or fairly stratified water, which 
has moved down from the Quoddy region (Watson unpub.). Stations 32, 33 
and 34, southwest of Grand Manan, all have bay of Fundy water on top and 
water from the gulf in the deeper strata. Stations 31 and 29 are located in the 
deep eastern trough of the gulf, while station 25 represents the central south- 
western part of the gulf. The other stations represent waters closer to shore, 
for example station 30 off the mouth of Frenchman’s bay. 


RESULTS OF THE CHEMICAL WORK 


From the results obtained by recent marine investigations, it seemed 
necessary to combine the study of the quantitative distribution of phytoplankton 
with a study of the hydrography and of the supplies of nutrient salts of the 
waters. Previous work shows that when the phytoplankton production in 
northern waters is limited by deficiency in nutrient. salts, this is the result of 
depletion of the supply in phosphates, nitrates, or both (e.g., Atkins 1928, Braarud 
and Klem, 1931, Brandt 1920, 1925, Cooper 1933, Gran 1930, Harvey 1928, 
Kreps and Verjbinskaya 1930, 1932, Schreiber 1927, and others). As only 
limited time could be devoted to chemical work, consideration was given as to 
which would be the most valuable analyses for the understanding of the pro- 
ductivity of the water masses. The determination of the following properties 
of the water was made a part of the routine work on the monthly cruises: 
temperature, salinity, oxygen content, phosphate and nitrate contents and the 
phytoplankton content. The oxygen analyses were included, partly because 
the oxygen content gives some basis for an estimate of the rate of photosynthesis 
at the time when the water sample was taken, and partly because it was hoped 
to be of some help for the identification of different water masses. 

Following are given a description of the methods which were used and a 
short account of the results of the analyses. The causes of the fluctuations in 
the oxygen and the nutrient salt content will, however, be considered later in 
connection with the discussion of the conditions for the production of phyto- 
plankton (page 394). 


PHOSPHATES 


The only previous observations on the phosphate content of the bay of 
Fundy waters were made by Hachey and Morton (unpub.). They analysed 
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samples from the surface and bottom layers at ‘‘Prince’’ stations 6 and 848 
in Passamaquoddy bay and 5 and 880 just outside the Quoddy passages. The 
observations at these stations were made once a month from August 1929 to 
November 1930. For station 5 and station 3 (east of Grand Manan) they also 
made observations in 1931. The results of this investigation show the main 
features in the distribution of phosphates in the Quoddy region: the high values 
in the surface layers all through the year, except in the summer. However, 
even then there is not a general depletion. At the station east of Grand Manan 
(station 3), which is the only locality for which Hachey and Morton have ob- 
servations outside the Quoddy region, they found high values at the surface 


> | 


FIGURE 16. Colorimeter for the phosphate analyses, designed by A. Klem. 


during the winter and decreasing values through the summer, with a minimum 
in the middle of August (August 17, 1931: 15 mg. P.O; per cu. m.). 

In the gulf of Maine, Rakestraw (1932) studied the changes in the nitrate, 
nitrite and phosphate content of the waters around Mount Desert island during 
the summers of 1929 and 1930. Besides these observations from an area close 
to shore, Rakestraw also has published similar data for some stations in the 
central and eastern part of the gulf for August 1932. We shall refer in more 
detail to these data after having presented our material] for 1932. 

The phosphate analyses were carried out according to Atkins-Denigé’s 
method and in details the same procedure was followed as used by Braarud 
and Klem in the investigations at Mére in 1931 (report under preparation for 
the press). The colorimeter which was used was a combination of Hehner 
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cylinders with the upper part of a Dubosque colorimeter and was designed by 
Mr. Alf Klem. The procedure of analysis was the following: a colour solution 
(from Velox Transparent Water Color Stamps) was made to match the colour 
in distilled water + phosphate solution (= 40 mg. P.O; per cu. m.) + reagents. 
This colour solution was kept in the Hehner cylinder which was equipped with 
the glass bulb and the rubber tubing connection (see figure 16). It was cali- 
brated by comparison with a number of samples of distilled water with added 
phosphate solution and reagents, corresponding to concentrations in phosphate 
of say: 0,10,20,30/40,.... mg. P.O; per cu.m., doubling some of the samples. 
The curve obtained in this way for the relation between the colorimeter readings 
and the content of P.O; is a straight line. To all samples which contained very 
small amounts of phosphates, there was added phosphate solution corresponding 
to an increase in concentration of 10 mg. P.O; per cu. m. Duplicate readings 
as well as duplicate analyses show that the experimental error is within + 2 mg. 
P.O; per cu. m., in most cases better. The samples had to be stored for some 
days before the analyses were made. Control analyses did not show any notice- 
able changes in the phosphate content of the samples during the time of storage. 
Duplicate analyses made simultaneously in St. Andrews, N.B. and in Halifax, 
N.S., the latter by Dr. John Morton, who also supplied the samples, gave the 
following values: 


Sample St. Andrews Halifax 
a 75 mg. 72 mg. 
b 32 mg. 35 mg. 


The values found by this method are correct only when the distilled water 
which is used does not contain phosphates. In case it does, this phosphate 
amount must be added to the values found by the analyses of the sea water 
samples. For the May cruise distilled water was supplied from Saint John, 
N.B., as the laboratory at the Biological station in St. Andrews was not yet 
restored after the firein March. This water may have contained some phosphate 
and the low readings for the May cruise may thus be accounted for by this fact. 
However, only future phosphate analyses from the region will ascertain whether 
an increase in phosphate content of the waters, as general as our May and 
June observations would indicate, actually takes place at this time of the year. 
According to what is known from other regions this is not likely to be the case. 
The figures have been entered in the tables without any corrections. In our 
discussion we have, however, taken into account that the values for May possibly 
ought to have been about 10 mg. higher than those recorded in the tables. This 
correction of 10 mg. is based upon a comparison between the values for the deep 
water samples in May and June. 

The values for the phosphate content of sea water, obtained by the method 
of Atkins-Denigé, are generally regarded as representing the amount of phos- 
phates available for the plankton algae. In so far as we know, the only attempt 
to ascertain whether this is actually the case, was made at the Oslo meeting in 
1928. Three filtered water samples were then analysed both by means of the 
regular chemical method and by Schreiber’s physiological method (Schreiber 
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1927), the last one giving the amount of phosphorus which can be utilized by 
the green flagellate Chlamydomonas. The results of the analyses, published 
by Braarud and Féyn (1931), show a very good agreement between the results 
obtained with the two methods. This indicates that the Atkins-Denigé method 
for filtered samples gives values which do not differ noticeably from the amount 
of available phosphorus present. 

The waters of the bay of Fundy contain exceptionally large quantities 
of suspended particles, the amount varying with locality and time in a way 
yet mostly unknown (see page 322). Examinations of centrifuged water samples 
have given us the impression that some of these suspended particles consist 
of organic matter. If so, they may contain phophorus compounds, which are 
not immediately available for the algae growing in the same water mass. During 
the course of the analyses it is possible, however, that they may be liberated. 
The result of the analysis would then show a value somewhat higher than the 
actual amount of available phosphorus in the sample. 

In order to check whether this had to be taken into account, by the valuation 
of the results as to the presence of available phosphorus, some parallel analyses 
of filtered and unfiltered samples were carried out. A Seitz serum filter with 
asbestos sheets, EK. no. 6 was used. This retains all particles down to the 
size of bacteria. (The asbestos sheets were washed in distilled water for a 
couple of weeks before they were used). Time did not allow such analyses 
until August and even then not for so many samples as desirable. The results 
of those obtained are shown in table I below. 


TABLE | 








Stations Depth Unfiltered Filtered Difference Filtered as % 
(see fig. 15 (m.) mg./cu.m. mg/.cu.m. U-F, mg./cu.m.| of unfiltered 

| 29.05 “ | 33 25 8 76 

|} 29.01C — 21 18 3 86 

| 30. Fr. bay 1 16 12 4 75 

see 10 36 37 -— 1 100 
30.14 40 37 25 12 68 
30.23A 40 47 37 10 79 
30.23A 75 , 48 39 9 81 

| 30.25A 1 12 4 + 33 

| 30.26 1 7 0 7 ~ 
30.26 75 54 44 10 80 

| 30.31 25 22 18 4 82 

| 30.31 10 12 6 6 50 

| 30.35 75 


43 30 13 61 








In one instance the filtered sample shows a higher value than the unfiltered 
one, but the difference is only 1 mg. In all the other cases the filtered sample 
is found to have the lower value and in most cases the difference between the 
values for filtered and unfiltered samples is so large that it is obvious that the 












303 


particles held back by the filter contain a considerable part of the phosphate 
content recorded by the analysis of the unfiltered sample. This part differs 
from sample to sample. The number of these analyses is too small to give any 
positive information in regard to the variation of particle phosphate content 
with depth or from station to station. These results indicate that one would 
get a truer picture of the distribution of immediately available phosphorus in 
the upper water layers if filtered or centrifuged samples were analysed. For 
the deeper layers the question may not be so important as it is probable that then 
the ‘‘potential’’ phosphorus content, present in particles, may be transformed 
into available form before reaching the surface layers where it becomes subject 
to utilization. For a closer study of the phosphate regeneration, the comparison 
of the phosphate content of filtered (or centrifuged) and unfiltered samples 
ought to be useful, for surface as well as for deep water samples. 

As to the values in our tables, it may thus be concluded that the values 
recorded sometimes may show a little higher phosphate content than the amount 
of available phosphate actually present.. For the higher values the differences 
are not directly of interest in regard to the conditions for growth of phytoplank- 
ton. 

The results of the phosphate analyses are presented graphically in figures 
17 to 20 and are also found in the plankton tables. The absolute values agree 
well with those recorded by Rakestraw (1932), but are as a whole lower than 
those found by Hachey and Morton (unpublished) for the Quoddy region and 
those published by Rakestraw (1933) for the gulf of Maine. 


For the purpose of comparison we have figured the means of the phosphate 
values for waters within certain salinity limits, omitting the values for the 1, 10 
and 25 m. levels and for lower. depths in cases where supersaturation in oxygen 
indicates mixing with surface water. (The May values are not included at all, 
see page 301). 


Salinity 31 to 32°/o 32 to 33°/o 33 to 34°/o 34 to 35°/o0 §=— 35° /oo — 
MgP.O; cu.m. 28 39 49 62 


Corresponding values recorded from the Norwegian coast for 1930 (Braarud 
and Klem 1931): 


Mg P.O; cu.m. 19 48 55 
Moberg found for water below a depth of 50 m. at the coast of southern 
California (salinity : 33.5 to 33.9°/ 09), phosphate values of 100 to 150 mg. P20; cu.m. 
For Puget sound, Thompson and Johnson (1930) record the following mean 
values for the year 1928-29: 
Depth 12.8 m.: phosphate content 141 mg. P2O; cu.m., salinity 30. 93° /o9 
m 0 m.: : 139 “ 7 ao 


Ruud (1930) found in the Antarctic (latitude 55 to 65°S.) 150 mg. P.O; 
per cu.m. at a salinity of between 33 and 34°/9. 

As will be seen from these scattered examples, there is no general relation- 
ship between salinity and phosphate content of the sea water. The phosphate 
content in water of a certain salinity varies from one region to another according 
to the “‘life history” of the water. The low oxygen content of the waters brought 
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FIGURE 17. Vertical distribution of ot, oxygen percentage and phosphate in May. Cruise 27. 
(See figure 15). 
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Ficure 18. Vertical distribution of ot, oxygen percentage and phosphate in June. Cruise 28. 
(See figure 15). 
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to the surface in the Antarctic (Ruud 1930) and at the west coast of North 
America (Johnson and Thompson 1929, Thompson and Johnson 1930) indicates 
that these waters have been brought up from depths where photosynthesis and 
consequently consumption by phytoplankton have not taken place and where 
therefore sinking of dead organisms from above has resulted in a steady 
increase in phosphorus compounds. Even where the oxygen content does not 
give such clear evidence, waters of the same salinity may in different regions have 


a different phosphate cycle on account of specific hydrographic and biological 
conditions. 


Within a restricted area differences in salinity usually cuaracterize the dis- 
tinguishable water masses and in such cases a comparison between the phosphate 
content and the salinity of the waters may reveal interesting features in the 
hydrobiological conditions (e.g.: influence from melting ice (Ruud 1930), dilution 
with fresh water (Thompson and Johnson 1930), difference between ‘‘Atlantic 
water’ and coastal water (Sund 1929, Braarud and Klem 1931)). 


In the gulf of Maine the highest phosphate values are to be found in the 
deep layers, which according to Bigelow (1927) are formed by slope water 
entering the gulf as a bottom drift. This is the main source of water with high 
salinity and the rest of the water masses in the gulf may be considered as being 
formed by dilution of this water with fresh water. (In the spring the Nova 
Scotia current contributes a large quantity of water of low salinity to the surface 
layers of the gulf. This is, however, of similar character to the water already 
present, viz. a mixture of slope water with fresh water). River water contains, 
according to the obtainable analyses, only small quantities of phosphates (see 
compilation of data by Braarud and Klem 1931). As a result of the gradual 
dilution of deep water with fresh water, the phosphate concentration therefore 
decreases with decreasing salinity, notwithstanding decrease caused by con- 
sumption in the surface layers. In agreement herewith, we find in the gulf and 
the bay of Fundy a close relationship between the vertical distribution of tem- 
perature and salinity and the vertical distribution of phosphates. This fact is 
illustrated in figures 17 to 20 by the similar form of the curves for o, and P.O. 
The consumption of phosphate in the surface layers makes the P.O; curves for 


the stratified stations still more pronounced than if the dilution alone had 
affected the phosphate distribution. 


As to the horizontal distribution of phosphates the most striking feature 
is the relatively high values for the surface layers in the bay of Fundy as com- 
pared with the gulf of Maine in summer. As this is caused mostly by special 
biological conditions, we shall postpone the discussion of this phenomenon (see 
page 421). For the same reason it is also natural to treat the phosphate cycle 


in the two areas in connection with the discussion of the fluctuations in the 
phytoplankton. 


The minimum values for phosphate in the bay of Fundy are high compared 
with those of the gulf of Maine and the coastal waters of northern Europe, but 
low as compared with coastal waters off western America and Antarctic waters 
(Moberg 1928, Johnson and Thompson 1929, Ruud 1930). 




















23 24 «2 = 
05 «15 125 
20 40 «(60 



































3A 
105+ —— ~~ 
o 23 mm 2 2% 23 4 2% 3 24 26 
— ao 9 00 H 105 
--= PrOsmeam 20 40 60 60 0 Dw 20 60 








FicurE 19. Vertical distribution of ot, oxygen percentage and phosphate in August. Cruise 30. 
(See figure 15). 
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NITRATES 


The strychnine method was used for determination of nitrates (Harvey 
1926). The reagent was stored for three months before use and was practically 
colourless. At sea the samples were collected and stored in the same bottles 
which were used for analyses and three drops of a saturated sublimate solution 
were added immediately after the filling from the water bottle. After the re- 
agent had been added, the samples were stored for 24 hours and then compared 
with a standard series of colour solution. This comparison was always carried 
out with artificial light. The standard series was calibrated by comparison 
with a series of bottles with nitrate-free sea water, to which had been added 
nitrate solution in different quantities. These samples were kept under the 
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FiGuRE 20. Vertical distribution of ot, oxygen percentage and phosphate in September. Cruise 
32. (See figure 15). 


same conditions as the samples which were to be analysed. The nitrate-free sea 
water was obtained by storage of a sea water sample. When nitrate reduction 
had gone to a point where the sample did not give any colour with the reagent, 
sublimate solution was added (see Braarud and Klem 1931). Various experi- 
ments which it seemed desirable to have made in order to ascertain the accuracy 
of the analyses, could not be carried out on account of lack of time between 
the cruises. The results ought, therefore, to be regarded as less accurate than 
would have been the case provided more time had been available for this work. 
The values above 200 mg./cu.m. are not reliable and we have therefore only 
included them in the tables to show the increase towards the bottom. The 
values obtained seem to agree well with those found by Rakestraw (1932) for 
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the Mount Desert region, but seem to be a little lower than those Rakestraw 
has published for the stations in the gulf from August 1932 (Rakestraw 1933). 
The general distribution of the nitrates is so similar to that found for the phos- 
phates that it appears unnecessary to describe it in detail. 

The values found for the gulf of Maine and the bay of Fundy area (see 
plankton tables) are higher than those found in coastal waters off northern 
Europe (Harvey 1926, Braarud and Klem 1931, Kreps and Verjbinskaya 1930, 
1932), but smaller than those found by Moberg (1928) on the coast of California 
and by Ruud (1930) in the Antarctic. The proportion NO;-N/P2Os;, viz. 
between 2 and 3, is similar to that found in Norwegian coastal waters. 


OXYGEN 

The amount of dissolved oxygen was determined according to Winkler’s 
method. Calibrated bottles of 150 to 200 cc. capacity, with faultless fitting 
ground glass stoppers, were used. The bottles filled with sea water and added 
reagents were kept in covered cylinders with water and stored in darkness. In 
calculating the oxygen volumes, no corrections were made for the reagents 
introduced. The results are given in the tables as cc. oxygen per litre and as 
‘percentage of saturation’, viz. the percentage which the observed volume is of 
the volume dissolved in sea water (of the same temperature and salinity as the 
sample at 760 mm. pressure shaken with air). The saturation volumina were 
taken from Fox’s tables (Fox 1907). (The terms ‘supersaturation, saturation 
and subsaturation of oxygen’’ have been used in the discussion, meaning oxygen 
percentages of > 100, 100, < 100, as conventionally used in phytoplankton 
literature.) In figures 17 to 20 is shown the vertical distribution of the oxygen 
percentage in the gulf of Maine and the bay of Fundy during May, June, August 
and September. 

Previous to the year 1932 no data had been obtained on the oxygen content 
of the waters of the gulf of Maine. Besides our records from the western 
part of the gulf during the period May to August 1932, Rakestraw (1933) made 
some observations during August, 1932, in the central and eastern part of the 
gulf. The available data are thus confined to the months May to August, and 
the picture we can give of the aeration of the various water layers therefore will 
have to be incomplete. This is especially regrettable as the hydrographic 
conditions of the gulf are favourable for the study of the oxygen cycle of the 
waters. 

The oxygen dissolved in sea water is supplied from two sources, from the 
atmosphere by absorption at the surface, and from plants splitting carbonic 
acid and giving off oxygen by the biochemical process of photosynthesis. The 
photosynthetical process is restricted to a rather thin surface layer (0 to 25 or 
40 m. in this region). The aeration of the waters below this stratum must 
therefore take place either by raising the water mass to the surface layer or by 
mixing with the upper layers (or those which recently have been surface layers). 
When considering the gulf of Maine, we shall treat separately the three main 
layers found there during the time for which we have observations, i.e., the 
surface layer (0 to 25 m.), the intermediate layer (25 to 75 m.) and the bottom 
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layer (below 75 m.). (The limitation of the layers is to some extent determined 
by the depths at which our observations were taken, viz. at 1, 10, 25, 40, 75, 
140 or 150 and 175 metres). 

The chilling during the winter reduces the differences in density of the 
water layers so much that wind and tide by their mixing effect make the upper 
100 m. layer practically homogeneous (Bigelow 1927). This probably results 
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Ficure 21. TS-diagram for station 31 in May, June and August. Depth in metres and oxygen 
volumes in cc. per litre. 


in aeration of this water mass to such an extent that the oxygen content ap- 
proaches the saturation point (95 to 100%). 

When stratification is established by freshening and heating during March, 
the surface layer is the only part of the water column which partly has contact 
with the air. During March the oxygen content in this layer probably decreases, 
with the result that the percentage of saturation falls below 100%, but in April 
the oxygen production by plankton algae soon results in supersaturation. In 
May supersaturation was found at 1 m. at all stations in the gulf of Maine proper, 
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varying from slight supersaturation up to 117°%. The limit between super- 
saturated and subsaturated water varied from station to station, but was found 
mostly around a depth of 25 m. At station 34, there was still subsaturated 
water at the surface. Our observations from June 1 show a very similar situation, 
all stations in the three southern sections being supersaturated, except station 17, 
with 98.4% atl m. Stations 32, 33, and 34, southwest of Grand Manan, had 
subsaturated surface layers, showing, as we shall see, similar conditions to those 
found at that time in the bay of Fundy proper. In August the surface layers 
were still rich in oxygen, the maximum at some stations being found at the 10 or 
25 m. level. At station 23A the percentage of saturation was at 1 m., 132°%. 
As the conditions in the surface layer mainly depend on the plankton production, 
we shall later make a comparison between the phytoplankton distribution and 
the oxygen conditions at the different stations (see page 394). 

While the surface layer undergoes a great change both in temperature and 
salinity during spring and summer, the water masses found below it are less 
subject to such changes. A comparison between the TS-diagrams for station 
31 in May, June and August (figure 21) illustrates the changes which took place 
between May and June. The curves for May and June indicate the three dif- 
ferent water masses: surface layer, intermediate layer and bottom layer, with 
different mixing products between them (Jacobsen 1930, Defant and Wiist 
1930). 

The intermediate layer is represented by the 40 m. sample. Judging 
from the small change from May to June it must be rather stagnant at this 
time of the year. In August the intermediate layer cannot be identified, the 
TS-curve then having a more curved form than in the previous months, which 
according to Defant (1930) should be expected if the mixture with the two 
adjacent waters had been going on for some time. The origin of this inter- 
mediate layer would probably be water of salinity about 32.40° /9) and temperature 
between 1 and 2°C., such as according to Bigelow (1927) in the spring of 1920, 


in this part of the gulf was found as a rather homogeneous layer from the surface 
to the 40 m. level. 


From May 27 to June 28 the oxygen content at 40 m. (station 31) was 
reduced from 6.67 cc. to 6.21 cc., that is by 0.46 cc. per litre. If this is taken as 
an average for the consumption at this temperature and the general assumption 
is made that the respiration is twice as intensive at 10°C. as at 0°, the following 
calculation of the original oxygen content of the water may be made: 


Content on May 27 6.67 cc/l 

Consumption in May................ .48 cc/l (at 4°C.) 
Consumption in April 88 cc/l (at 3°C.) 
Consumption in March 84 cc/l (at 2°C.) 


Content on March 1.... 7.82 cc 


The saturation volume for water of the above mentioned character (salinity 
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32.40°/o, temperature 2°C.) is 7.81 cc/l. The agreement between this and the 
value found by calculation should indicate that, provided the layer had been 
saturated with oxygen in the beginning of March, the consumption had not been 
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FiGURE 22. Bay of Fundy. Oxygen (cc./l.) distribution in May. Cruise 27 (See figure 15 


very different from what has been assumed according to the consumption be- 
tween the May and the June cruise. 
In August the admixture of surface water, shown by the TS-diagram, had 





the 
een 
een 


313 


resulted in an increase in the oxygen content for 75 m., and at 40 m. the same 
value was found as for the previous month. 
The intermediate layer is not so well defined at the other stations as at 
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FiGURE 23. Gulf of Maine. Oxygen (cc./I.) distribution in May. Cruise 27. 


station 31. It consists of mixing products between the intermediate layer 
from the central part of the gulf (similar to the one found at station 31) and the 
surface layers. (See sections in figures 3 to 14). 

The bottom water found in the eastern trough, where we have observa- 
tions, is, according to Bigelow (1927), slope water formed by the mixing of warm 
ocean water with Arctic coastal water. Its actual origin is little known and as 
to its oxygen content, nothing has as yet been published. Observations are, 
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however, being made by the Woods Hole Oceanographic Institution, where a 
study of this water type is planned. Judging from the hydrographical data 
this water layer does not receive any considerable amounts of oxygen from the 
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FicurE 24. Bay of Fundy. Oxygen (cc./l.) distribution in June. Cruise 28. (See figure 15 


above lying waters. In May and June the oxygen volumes of the bottom water 
were always lower than in the intermediate layer. The bottom water must 
therefore either originally have had a lower oxygen content or the consumption 
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must have been greater, or perhaps both these factors are responsible for the 
low values found. 


The increase in salinity of the bottom water in the eastern trough (station 
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FiGuRE 25. Gulf of Maine. Oxygen (cc./l.) distribution in June. Cruise 28. (See figures 
15 and 38). 


31) from May to August, indicates an inflow in the bottom layers in agreement 
with what previously has been found (Bigelow 1927). The steady decrease 
in oxygen which takes place during the same period, shows that the inflowing 
water is at least as poor in oxygen as the water which it replaces. This feature 
is characteristic for the gulf of Maine and is in striking contrast to such conditions 
as, for instance, are to be observed on the Norwegian coast. There heavy water 
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from the coastal bank at some times of the year is able to pass the shallow barrier 
in the channels and replace the bottom layers of the deep fjord basin inside 
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FiGuRE 26. Bay of Fundy. Oxygen (cc./l.) distribution in August. Cruise 30. 


(See figures 
15 and 39). 


The inflowing water is there always richer in oxygen than the stagnant deep 


water in the fjord and is thus easily identified. (Gaarder 1915, Braarud and 
Klem 1931). 
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In regard to the consumption in the bottom layers our material is too 
scanty to give any reliable quantitative information. The slow decrease in 
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Figure 27. Gulf of Maine. Oxygen (cc./l.) distribution in August. Cruise 30. 


oxygen during the summer in the layers which seem to be most undiluted slope 
water, indicates that the consumption is smaller in this layer than in the inter- 
mediate layer. 

The distribution of oxygen in the western part of the gulf of Maine is 
illustrated by the sections in figures 22 to 27. 

In the bay of Fundy the surface layers were rich in oxygen in May, but 
the content dropped conspicuously during June. In August the surface layers 
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had again gained in oxygen content and we found at most of the stations volumes 
exceeding the value of saturation. In the middle of September all over the bay 
the oxygen content had fallen considerably below that of saturation. In Passa- 
maquoddy bay the supersaturation in August reached 136°7, but in September 
the percentage was only 92. Here at 25 m. the percentage of saturation 
stayed below 100 throughout the summer, decreasing gradually from 97.5 
to 87.4% during the period from June to September. In the deeper parts of 
the bay of Fundy, the percentage of saturation decreased from May to Sep- 
tember, at which time it was found to be between 70 and 80. The increase 
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FIGURE 28. Changes in oxygen percentage from May 22 to September at station 7. 


in salinity indicates admixture of a larger amount of deep water from the gulf 
of Maine than earlier in the summer. The inflowing water, which was poor in 
oxygen, may partly account for the decrease recorded at this time. In figure 28 
the changes in the percentage of saturation for station 7 are illustrated. ‘It 
gives at the same time a picture of the changes in the surface layers as well as 
in the deep layers, this station being the deepest one in the bay of Fundy. 
Figure 28 shows the June minimum in the surface layers and the decreasing 
oxygen content of the deeper layers during the summer. On account of the 
small differences in oxygen content, this property of the water is not of any 
great value as an indicator of the different water masses within the bay of Fundy. 
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LIGHT CONDITIONS 
The striking differences in the hydrography of the two areas, which have 
been briefly mentioned above, are accompanied by considerable differences in 
the meteorological conditions. Since the light supply, in so far as the radiation 


at the sea surface is concerned, is affected by the amounts of clouds, fog and 
humidity in the atmosphere, the meteorological conditions have to be taken 
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FIGURE 29. Number of clear days and average cloudiness per month at Eastport and Portland, 
Maine. 


into account in a consideration of the life conditions of the phytoplankton. 
We shall in the following present the data which we have been able to obtain 
on the intensity of solar radiation in the two areas. Thereafter the turbidity 
conditions will also be considered, because they determine the fraction of the 
radiation at the surface which reaches sub-surface localities. 







; Days with Dense Fos | 






— Eastport. Maine. 1932 
----- " 1893-1930 


ApRiL May June Juy Aueust Sepr. 
FiGuRE 30. Days with dense fog at Eastport, Maine, 1893-1930 and 1932. 


THE SOLAR RADIATION 


For a comparison of the conditions in the two areas we are using meteoro- 
logical observations from two stations, viz., Eastport, Me. and Portland, Me. 
(near Casco bay, see figure 1). The former represents the bay of Fundy, 
the latter the south-western part of the gulf. Meteorological observations for 
the Fundy region are also available from the Canadian station at Saint John, 
but we have chosen to use the data from Eastport in order that we may compare 
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observations from two stations within the United States, assuming that they 
then are more comparable. Eastport appears to be a’ good representative for 


the bay of Fundy region, judging from our experiences gained on the cruises 
during the summer of 1932 and from the fog data for Head harbour light-house, 
compared with data for the other light-houses in the bay. 

In figure 29 are given curves showing the numbers of clear days per month 
in 1932 for the two stations and for the average cloudiness per month in tenths. 
At Eastport, Me., the number of clear days varies from a minimum of 2 in June 
to a maximum of 8 in May and September. For Portland, Me., the range is 
from 12 days in June to 21 in May and September. Such great differences in the 
number of clear days per month indicate very different weather conditions in 
the bay of Fundy and the Gulf of Maine. 

The variations from month to month at the two localities go parallel in 
spring and early summer and in this manner: May is a clear month in both 
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FiGurRE 31. Hours of fog alarm per month at two lighthouses in the bay of Fundy. 


places and is followed by a very cloudy June, showing the lowest figure for the 
whole year. Later in the summer the agreement is not so good. This is prob- 
ably due to the large amount of fog in the Fundy region at this time of the year. 
The records for fog, giving the number of hours of fog alarm at different light- 
houses in the Fundy region, show an abundance of fog during the months of 
June, July and August. In 1932 the maximum amount of fog occurred in August, 
but there were also considerable amounts both in June and July (see figure 30). 
The form of the curve for hours of fog alarm is very much the same for the 
different light-houses. As examples are shown the curves for Gannet Rock 
and Head Harbour light-houses (figure 31). The actual number of hours varies 
a little, however, from one place to another. 

While the meteorological observations give a good expression of the main 


differences in the light conditions in the two areas, they do not furnish any 
direct information on the quantitative side of the problem. However, we 
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are fortunately able to publish the results of a calculation of the total solar 
radiation per month during 1932 for both localities (table I1). These calculations 
were made by Dr. W. Reginald Sawyer and a full account of the calculations is to 
be found in his paper (Sawyer unpub.). The material for these calculations consists 
partly of Dr. Klugh’s and Dr. Sawyer’s light measurements at St. Andrews, N.B. 
during the last and previous summers, and partly of results of the investigations 
by Dr. H. Kimball, of the U. S. Weather Bureau. In addition to these ob- 
servations on the light intensity, data from the meteorological station at East- 
port, Me., and Portland, Me., giving the number of hours of sunshine per month 
during 1932, have been used. In table II is given ‘“‘the total solar radiation 
received per cm’?/month on a horizontal surface from the sun and sky’’ ac- 
cording to Sawyer (unpub.). The unit is g.cal./month. 


TABLE II. ‘Total solar radiation received g. cal per cm*?/month (Sawyer unpub.) on a 
horizontal surface from sun and sky. 


1932 EASTPORT PORTLAND 
RN as, atte we canoe cate kite 2189 2817 
NN So.) 2/55. widinin siecab ie lw Sadan 3951 4933 
EE Gee etait aes ii bh ea 5818 7888 
Mtg ais Se rale sae ries coerce na, Dishes 7219 9484 
May..... Shida a a ERC Son 10335 13107 
eae Looassiiie eee ees 9452 12862 
ME Sates ie tong erates hod ote aa oie oe 9290 13087 
ON ek oh on Shp ord rah ahentaiete 2 8854 12373 
INS Scag cee ale cae 6476 8996 
OS Ee ere ay 3784 5248 
CR Sree hit, oc cicdaiigie lace 2211 3703 
NII ne ob ate ets Jee ein 1781 3206 

ss 
71360 97704 


From U. S. Weather Bureau data and measurements taken at St. Andrews, N.B. 


These figures reveal two important features in the light conditions, viz. 
(1) the seasonal changes at both localities, and (2) the regional differences be- 
tween the two areas. 

(1). In January and December the total radiation both at Eastport and 
Portland is only between one fourth and one fifth of the radiation in the months 
of May, June, and July at the same localities. It increases gradually during 
spring, and in May, in both localities, it reaches its maximum, with an amount 
twice as high as in March. June, July and August also have high values, but 
from September they decline quickly. 

(2). The total radiation for the whole year of 1932 is for Eastport 27% 
lower than at Portland, and a similar difference is found for every month. The 
amount for Portland in April is thus as large as that for Eastport in June or 
July. The differences which thus exist in the light conditions in the two areas 








































322 


are mainly due to atmospheric conditions, as the difference in latitude is too fro 
small to account for a great part of the differences recorded (Sawyer unpub.), up 
The abundance of fog in the bay of Fundy reduces the radiation in June, July ar 
and August to such an extent that there is an even decline in the monthly radia- 
tion from the maximum in May. At Portland the maximum is also to be found qu 
in May and is followed by a lower radiation in June. July, however, has almost gu 
as high a value as June and the decline in August is rather small. of 
de 
THE TURBIDITY fr 
The microscopical examination of the centrifuged phytoplankton samples r 
revealed that a great number of the samples from the bay of Fundy contained r 
unusually high amounts of detritus. The amount was so considerable that it 1 
seemed obvious that the detritus essentially must lower the light supply of s 
subsurface localities. On the basis of the examination of the quantitative 2 
phytoplankton samples it was not possible to get more than a rough estimate t 
of the relative detritus distribution. As, however, no samples had been collected : 
for the study of this problem, we had only what was left of the phytoplankton ( 
samples as material when we made an attempt to gain a little further information ‘ 


on the turbidity question. These samples had been collected in thoroughly 
cleaned bottles, and 5 cc. of a filtered 10°; neutralized formaldehyde solution had ' 
been added to a 200 cc. sample. It may therefore be assumed that no great | 
changes had taken place in the particle content of the samples. 

The method which was chosen to obtain an illustration of the content of 
detritus in a sample, was as follows: 50 cc. of the thoroughly shaken sample 
was centrifuged in the same way as were the samples for the quantitative phy- 
toplankton study. The sediment was transferred by means of a pipette to a 
cylindrical cell on a slide, covered with a cover glass and photographed. The 
same amount of water was transferred each time in order to make the photo- 
graphs comparable. As it was impossible to get the particles evenly distributed 
in the cel] the whole sediment sample had to be photographed in order to obtain 
representative pictures. This necessitated the use of such a low magnification 
that the diatoms and other phytoplankton organisms are invisible in the prints. 

For a comparison of the detritus and the phytoplankton contents of the samples, 

we shall, therefore, refer to the plankton tables. Only a limited number of 
photomicrographs could be taken, and the number of samples among which 

these could be selected was also restricted because in a great many cases the vol- 

ume of water which remained after the phytoplankton examination was smaller 

than 50 cc. The material which we have for an estimate of the amount of 
detritus in the different waters and at different times is therefore not very 
satisfactory. It confirms, however, in every respect the impression which the 
examination of the phytoplankton samples had given. 

In figure 32 are found reproductions of some of the photomicrographs which 
were taken. (The microphotographs were made by Mr. M. Schneckenburger, 
Buffalo Museum of Science). The prints were made a little darker than ordinarily 
used, in order that as many as possible of the small particles should show up. 
The samples are all from a depth of 1 m. (except those of the S-series, which are 
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from 10 m.), for the 1 m. sample would seem to be more representative of the 
upper water layer than the 10 m. sample, when turbidity and light conditions 
are in question. 

Station 12, located outside the Saint John river outflow, and 1C in Passama- 
quoddy bay, into which the St. Croix river, the Magaguadavic and the Digde- 
guash rivers empty, show the highest detritus content recorded, giving evidence 
of the well known. fact that rivers carry large amounts of silt which is slowly 
deposited after the admixture of fresh water to the sea water. The first sample 
from station 12 was taken on April 19 when the spring freshets were at their 
maximum. (The monthly discharge of the Saint John river in 1932 reached its 
maximum in April, and the daily discharge on April 14). This sample shows 
most detritus of all examined, while the May and June samples from the same 
station had a little less. The sample from Passamaquoddy bay (1C) on April 
25 had a medium turbidity, while the June and September samples were very 
turbid. Stations 11A and 13 also show many particles, being influenced by the 
Saint John river outflow. Similarily the samples from station 5 outside the 
Quoddy passages, which receives water from Passamaquoddy bay, had a 
very high detritus content in April and considerable amounts during the summer. 

From the Swallow Tail section on April 25 (stations S;,S2,S3,S,, see figure 35 
we have samples from the 10 m. level. There is a clear distinction between the 
S,-sample which was poor in particles and the other three which were rich. This 
is closely in agreement with the hydrographic data and the phytoplankton 
records for the same samples, as these also show that the S,-sample differs from 
the samples at the other three stations. S,,S2,S3 have surface layers (0 to 10 m.) 
which show admixture of much fresh water (according to Watson, unpub., 
in this case mainly Saint John water), while the surface layer at S,; has a 
smaller range in salinity. Since the Saint John water according to what 
we have seen carried a large amount of detritus, the relative detritus content 
of the four samples is thus easily explained by the salinity distribution at these 
stations. The samples from this section show that the detritus which is 
brought out with the Saint John river water in spring is very noticeable at 
the 10 m. level so far out in the bay of Fundy as off Grand Manan. 

The material from the rest of the bay of Fundy and the gulf of Maine is 
rather scanty. It shows, however, that even the clearest samples from the 
central and outer parts of the bay of Fundy (station 36) contained at least as 
much detritus as the samples from station 30, the station in the gulf which is 
located closest to shore. They all contained more than the sample from station 
26 in the central area of the south-western part of the gulf, taken in May at a 
time when the waters there ought to have more particles in suspension than at 
any other time during the spring and summer season. 

The rather few microphotographs which we were able to obtain thus seem 
to show the following features in the occurrence of detritus within the region: 
(a) very high amounts were found at the mouths of rivers or in water originating 
from such localities; (b) the detritus content was high in the surface waters of 
the bay of Fundy as compared with those of the gulf of Maine; (c) within the 
bay of Fundy the central part seemed to have least detritus. 








324 





a 





b 





FIGURE 32A, Photomicrographs of centrifuged water samples. a,—S, 10 m.; b—S,, 10 


C—S,4, 10 m.: d—26 12, 1 m.;: e—26 05, 1 m.; f,—28.01C. ] m. 





FiGuRE 32B. Centrifuged water samples. g—27.08A, 1 m.; h—27.07, 1 m.; 
j—27.30, 1 m.; k—26.30, 1 m.; 1—27.26, 1 m. 








The main cause for the difference in this regard between the two areas is 
without doubt the relatively high fresh water discharge into the bay of Fundy. 
However, the extensive mixing of the surface waters in the Fundy region may 
also sometimes be the direct cause of high turbidity. The samples from station 
27.08A (see figure 32) and N 182, from an area where according to the hydrographic 
data there is violent mixing, show a rather high detritus content. In this 
locality there is little fresh water discharge and the high turbidity of these 
samples should thus indicate that the mixing brings particles up from the bottom. 
The sample from 27.11A which represents thoroughly mixed water from the 
inner part of the Bay, is also rather rich in detritus. Bigelow (1927) mentions 
that surface waters at Georges bank sometimes contain large quantities of sand 
in suspension, another evidence in the same direction. However, we have not 
sufficient material for a detailed discussion of the relation between turbidity 
and hydrographic conditions, a problem which ought to be attacked by a com- 
bined study of hydrography, turbidity and light conditions by means of actual 
light measurements. 

Mr. Graham, in connection with his herring investigations, made some 
observations on the turbidity in these waters by means of Secchi disc readings 
(Graham unpub.). He found that 
“in July the most turbid water (between Portland, Me. and Liverpool, N.S.) was in Passama 
quoddy bay and off the Saint John river. The central part of the bay of Fundy, the mouth of 
St. Mary's bay and the water near cape Sable was relatively clear. The whole coastal water 
between cape Spencer and Seguin, which is approximately the sardine area, was more turbid 
than anywhere else except the inner part of St. Mary’s bay and the Annapolis basin, where 
sardines are also taken.” 


Similarily, the results of some Secchi disc readings carried out in the gulf 
of Maine during the summer of 1912 (Bigelow 1927, p. 822) support the con- 
clusions which we have drawn from our data on the detritus content. 

According to what had been considered on the previous pages, the differences 
which exist in the solar radiation and in turbidity affect the light conditions in 
the same way: They both tend to make the light conditions of subsurface 
localities in the bay of Fundy poorer than in the gulf of Maine. The 
difference cannot be accurately estimated on the basis of the observations which 
are at hand. The lower amount of total radiation in the bay of Fundy will 
have a different effect upon the thickness of the productive layer according to 
the transmission coefficient, and as long as we do not know more on this point, 
we are not able to tell how much thinner the productive layer may be in the 
Fundy region as compared with the gulf. The difference certainly is considerable. 


ASSIMILATION EXPERIMENT 


In order to determine the point of compensation between the assimilation 
and the respiration of the phytoplankton algae, we had planned to carry out 
assimilation experiments with persistent cultures of plankton algae. Such 
cultures were started, but the work could not for various reasons (mainly the 
lack of time) be carried toanend. We only succeeded in getting one observation 
on the depth at which the compensation point was to be found in Passama- 
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quoddy bay in summer. This was carried out with raw plankton and thus only 
gives the compensation point for the whole population in the culture bottles 
for a certain interval of time. 

The experiment was carried out in the following way. A large bottle was 
filled with surface water to which was added a part of a no. 20 net haul, just 
made in the same locality, in order to enrich the population. To prevent heating 
by the air, the bottle was kept in a large bucket of water, which was changed, 
and it was kept in the shadow, to prevent heating by the sunshine. The contents 
of the bottle were stirred thoroughly by means of a glass rod which was moved 
in the completely filled bottle. The water was then siphoned into the oxygen 
bottles, which were filled and closed by faultless-fitting ground glass stoppers, 
and these bottles were also kept in cool water before they all were lowered to 
the various depths. 


TABLE III. August 2, 1932. Passamaquoddy bay (off Davidsons head, Deer island). Clear 
sky during most of the time, only for a little while overcast. The air a little hazy. Time of 
exposure: 10.45 to 16.45. 


Depth | Oxygen content Mean oxygen Change in oxygen 
(metres) content content 
Original sample 6.17 | 6.17 | - 
1 8.02 
1 8.13 8.08 +1.91 
5 6.85 
5 6.92 6.89 +0.72 | 
10 6.57 | 
10 6.52 6.55 +0.38 
15 6.26 
15 6.28 6.27 +0.10 
20 6.06 
20 6.03 6.05 —0.12 
30 5.96 
30 5.96 5.96 —0.21 | 





| 

According to this experiment, there was a gain in oxygen above a depth 

of about 17 m. and a loss below this depth. Provided that the animals were 

evenly distributed (and the good agreement between the pair of bottles at the 

same depths indicates that they were), the results show that photosynthesis 

had taken place down to a depth of 20 m. at least, since the consumption at 
30 m. was higher than at 20 m. 


THE PHYTOPLANKTON 
PREVIOUS INVESTIGATIONS 
THE FUNDY REGION 
Bailey (1912 and 1915) and Bailey and Mackay (1921) have contributed 
to the knowledge of the diatom vegetation of the eastern part of Canada, in- 
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cluding the coast of the bay of Fundy. These observations are floristic and since 
they are based mainly upon collections in the littoral region, they tell little about 
the seasonal variations in the constitution of the phytoplankton. 

McMurrich (1917), in his paper on the winter plankton in the neigh- 
bourhood of St. Andrews, N.B., 1914-15, gives some data on the phytoplankton 
at this time of the year. Fritz, however, made the first detailed study of the 
phytoplankton in this region, of its dominant species and quantity throughout 
the year (Fritz 1921). This study was based upon countings from net hauls 
at the surface and at a depth of 5 m., and also to a smaller extent upon hauls 
made at various other depths. The observations were from 7 stations in Pas- 
samaquoddy bay and as far out in the bay of Fundy as off Swallow Tail light- 
house at Grand Manan island. She found a great similarity in the flora of 
these localities, only the vegetation of the exposed waters of the bay of Fundy 
was poorer as to the number of species as well as to the number of individuals. 
She observed a prevalence of free living, compact diatoms in winter, of Bid- 
dulphia and Thalassiosira in spring and of Chaetoceros (principally Ch. debilis) 
insummer. As to the bathymetric range, she found for the Fundy station that 
the most favourable level seemed to be from 10 to 20 metres, and that below 
that depth a rapid decrease might be expected. One form, Melosira sulcata 
was on one occasion found to be greatly increased at lower depths. 

For seven and one-half consecutive years Davidson (1934) continued these 
studies. She found that dinoflagellates never were important contributors 
to phytoplankton abundance in net hauls made in the Quoddy region. Every 
year diatoms began to increase quickly in numbers as soon as the snow melted 
and the salinity of the surface layers began to decrease. Augmentation was 
rapid during the spring, reached its maximum in June at the station in the 
outer Quoddy region and in late June or early July in Passamaquoddy bay. 
The plants seemed to be fairly uniformly distributed throughout the water mass. 
In spring the plankton community was an arctic-neritic one in the whole Quoddy 
region, while in June and July a mixture of arctic and boreal species was found. 
In late summer and autumn temperate and oceanic species usually prevailed. 
At all seasons, more especially in the winter, bottom or littoral species were 
present in the plankton. 

Bigelow in his extensive study of the plankton of the gulf of Maine, also 
included the available observations from the Fundy region, but he did not 
himself have many observations from this area. However, with his knowledge 
of the conditions in the gulf as a background, he gives an excellent compilation 
and interpretation of the available data. (Bigelow 1926.) 


THE GULF OF MAINE 


For the gulf proper, Bigelow’s paper (1926) is the main source of information. 
He had at his disposal records from a very large number of net hauls from most 
parts of the offshore waters in the gulf, taken at various times of the year. 


Within the limitations of the net method (the loss of the nannoplankton and the 


difficulty in getting comparative quantitative data), his study gives a thorough 


picture of the main features of the phytoplankton distribution, qualitatively 
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and to some extent also quantitatively. The seasonal variation of the phyto- 
plankton of the various localities were clearly pointed out, and also the char- 
acteristic differences in the plankton conditions of the various parts of the gulf. 
Since chemical data were mostly lacking, Bigelow was not able in detail to trace 
the causes of these differences. 

Bigelow’s paper was mostly concerned with the offshore waters. Burk- 
holder (1933), however, studied the phytoplankton of the inshore localities, 
Frenchmans bay and Penobscot bay, in the western part of the gulf. The 
method which was used for this investigation was filtering a large quantity of 
water through a no. 20 silk net. The material was collected during July and 
August 1930. Interesting is Burkholder’s study of the changes in the plankton 
conditions at a locality according to the phase of the tide. 

Although chemical and hydrographical studies were carried out parallel 
to the phytoplankton studies by Burkholder, the conditions in the tideswept 
waters of the two bays were so complicated that he was not able to detect de- 
finite connections between the hydrographic and chemical factors and the 
phytoplankton production. 

Gran (1933) has given an account of the distribution of phytoplankton in 
the gulf in August 1932, and Braarud (1934) has published phytoplankton 
observations for July 1933 from a couple of localities in the gulf. Both papers 
are based upon material collected for the Woods Hole Oceanographic Institution, 
on board its vessel “‘Atlantis’’. 


METHOD AND TERMINOLOGY 


For the study of the phytoplankton the centrifuge method was generally 
used (Gran 1932). Water samples for centrifuging were collected from the 
water bottles which supplied the samples for the chemical analyses. At each 
station samples were taken from the following standard depths: 1, 10, 25, 40 
and 75 m., occasionally also samples from greater depths. The water samples 
of 150 to 200 cc. were preserved by adding 5cc. of a neutralized, carefully filtered 
10°% formalin solution. Of each sample 50 cc. were centrifuged, or smaller 
quantities (25 or 10 cc.) when the plankton was very rich. 

The main advantage of the centrifuge method is that it gives a representative 
determination of the quantitative occurrence of the dominant species at a 
distinct depth, where the physical and chemical life conditions may be exactly 
determined. It is thus possible to study the influence of the various life con- 
ditions on the phytoplankton production in situ, and also to study how the 
phytoplankton may have been removed from the levels of good life conditions, 
either by sinking or by the turbulence of the water. 

On the other hand, the method cannot give an accurate determination of 
the quantitative occurrence of all species present, or the total sum of organisms 
living in a volume of water. The larger species may escape observation or be 
too scarce to give the basis for a calculation of their frequency, as the volume 
of the centrifuged water sample must necessarily be limited; and the smallest 
species, particularly the naked cells, may be insufficiently preserved or discolored 
by preservation, making the classification too difficult. By centrifuging the 
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material while the organisms are alive, this difficulty may partly be overcome, 
as Hentschel has successfully proved on the ‘‘Meteor’’ expedition. But when 
it is necessary for the solution of a problem to collect comparable samples from 
a number of stations during the shortest possible time, as was the case in our 
investigation, the preservation of the samples becomes necessary. 

Recently Steeman Nielsen (1933) has shown that the sedimentation method 
of Utermoehl (1931) gives a more accurate determination of the total plankton 
content of a water sample than the centrifuge method, and that the latter 
may give only 10° of the total number of such minute forms as Pontosphacra 
Huxleyi or Nitzschia delicatissima (see also Allen 1919, and Gran 1932). At the 
meeting of the International Council in Copenhagen in 1934, Steeman Nielsen 
(Nielsen and von Brand 1954) reported that he had succeeded in improving the 
centrifuge method to give the same accuracy as the sedimentation method by 
producing in the centrifuged water samples colloidal precipitates keeping the 
sedimented cells at the bottom of the centrifuge tubes and preventing them from 
being lost by the pouring off of the water above the sediment. (The precipitate 
may be dissolved before examination of the samples). 

Unfortunately it was impossible for us to revise our material according to 
these improvements. Therefore, in judging our results we have had to take 
into account the possible errors, which from E. J. Allen’s observations (1919) 
were of course also known to us beforehand. Fortunately, for all the dominant 
species, and particularly for those of the coastal waters, the errors will be far 
below the maximal ones, found by Steeman Nielsen, as also has been shown by 
the same author. In waters rich in colloidal detritus, as in the bay of Fundy, 
the detritus will also make the sediments in the tubes more coherent and thus 
diminish the loss. For the offshore waters of the gulf of Maine the error may 
be considerable for such species as Pontosphaera Huxleyi. Fortunately, the 
local and seasonal variations are so large that even wide limits of error in the 
quantitative determinations may be ignored. 

The exceptional tides change the hydrographic conditions at a station 
within a short period of time, but this is not very serious for our study of the 
phytoplankton, as it is here based on a comparison between the plankton data 
and the physico-chemical data for the same water sample. In order to 
illustrate what changes may take place between one phase of the tide and another, 
we shall give the results of observations from station 5 at low and high water 
one day and high water the next day (table IV). Unfortunately samples from 
1 m. were not taken. If the most important species, Thalassiosira Nordenskiéldi, 
is considered, at 10 m. it was at low water found to the number of 113,900 cells 
per litre, the following high water 157,500 and at high water the following day 
only 35,000 cells per litre. There is thus a great difference between the numbers 
found at the two high waters. By comparison of the hydrographic data, it is 
easy to find the explanation of the change. They show that the surface water 
which was rich in plankton, at the two first observations was found at the 10m. 
level (salinity less than 31° /o9), and on the next day was thinner so that at 10 m. 
there was water of the same character as was the previous day found at 25 m 
and below. Accordingly the 10 m. sample at high water on the last day had a 
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plankton content which was about the same as that which on the first day was 
found at the lower levels. 


TABLE iV. Station 5. 


Low Water High Water High Water 
Depth April 19, 1934 April 19, 1934 April 20, 1934 
m.) 
‘Thal. Nord. Thal. Nord. Thal. Nord.| 

I -_ (cells/1.) ; an i (cells/I.) I S (cells/I.) 
10 2.59 | 30.72 113,900 2.7 30.72 157,500 2:70 |\'sr.ke 35,000 
25 2.36 | 31.20 49,500 2.69 | 31.08 59,700 2.88 | 33.22 45,700 
40 2.38 30.55 37,600 2.57 | 31.24 70,600 2.58 | 31.27 57,600 
75 2.36 | 30.97 61,700 2.54 | 31.91 32,600 2.51 | 31.85 20,300 


Such changes in the vertical distribution of the different water layers do 
not seriously affect the interpretation of the material collected at different phases 
of the tide. For determination of the horizontal distribution, it would have 
been desirable to have had observations taken at the same phase of the tide, 
but this was impossible on account of the large area which had to be covered 
and the many different observations which had to be made on board the same 
boat. The distribution charts must therefore be regarded with the reservation 
necessitated by possible tide influence. 

In drawing our conclusions we have tried to be cautious, and we have the 
conviction that the variations described give on the whole an approximate 
picture of the natural conditions, and this is corroborated by the good agreement 
between the observations on the phytoplankton and the variations in the oxygen, 
phosphate and nitrate content of the waters. 

For the description of terrestrial vegetation a very complete terminology 
has been worked out by the students of plant sociology. In the recent plant 
sociological works, many terms which have had an extensive use in their con- 
ventional meaning have been reserved for special use, but still there exists no 
uniformity in the definitions of these words by the various authors (Braun- 
Blanquet 1928, DuRietz 1932, Nordhagen 1927-28, Tansley and Chipp 1926). 
Partly for this reason, but mainly on account of special features in the structure 
and biology of the planktonic vegetation, we have not found it advisable to 
adopt for the description of-phytoplankton vegetations the methods and ter- 
minology which are now commonly used for terrestrial vegetation. 


In oceanic waters the habitat and its vegetation are mostly so stable that 
even fairly few samples may give material for the description of characteristic 
communities (Hentschel 1934). In waters close to the continents, as those 
dealt with here, the changes are, however, rapid both in the properties of the 
habitat and in their vegetation. A description of the various plant communities 
corresponding to the associations of the terrestrial vegetation (in the sense of 
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DuRietz and Nordhagen), would therefore be unattainable with the amount 
of material which is usually obtainable. 

At present it seems most rational in each case to use the method which 
appears to suit best the treatment of the phytoplankton material at hand. This 
the more, since the work on planktonic plant life, which has recently been carried 
out, is too varied as to scope, methods and area of investigation for any strict 
standardization of phytoplankton work to seem practicable or even possible 
at the moment. As examples of the variety in the methods which on the basis 
of quantitative data have been used for the description of phytoplankton vegeta- 
tions, we may mention the investigations by Gran (1915 to 1933), Lohmann 
(1912, 1920) and Hentschel (1930 and 1934). 


In the presentation of our material we have found it convenient to use 
some terms which are enumerated below. We have avoided the use of the 
word ‘“‘association”, since it is so compromised in the special terrestrial plant 
sociology and by Hentschel (1934) has been given a special definition for plank- 
tonic vegetation, which cannot be applied to our material. 


The words phytoplankton population, community and vegetation 
have here been used in the conventional meaning of a small or large, homogeneous 
or heterogeneous group of phytoplankton organisms. 


A group of species which have a similar distribution within the area of 
investigation, and which have their maxima in the same water mass, we have 
called a phytoplankton society. (The term society has been used by Tansley 
and Chipp, 1926, for terrestrial vegetation, and then with a specially defined 
meaning). 


For a general description of the seasonal changes in the vegetation of the 
area of investigation. we shall distinguish between a few types of phytoplank- 
ton vegetation. To each of these we assign those phytoplankton populations 
which have their main occurrence (quantitatively) during the same season and 
whose dominant species all belong to the same one of the groups,—diatoms, 
dinoflagellates, coccolithophorides . . ., (e.g., spring diatom vegetation, summer 
dinoflagellate vegetation ... ). 


In considering the changes which take place in the population of a certain, 
fairly well defined, water, mass, we have used the term succession of popula- 
tions (communities or vegetations). Circulation of the water masses involves 
that, at a locality, a series of samples taken during a certain period of time 
usually will not give direct information on successions. When we discuss such 
changes in the phytoplankton population of a locality, defined by its geographical 
position, we shall use the term sequence of populations. In stagnant waters 
the successions and the sequences will be identical, otherwise the difference 
between them may be small or large, according to the rate of circulation and of 
the changes which take place in the various waters which are involved. 


For an ecological characterization of the species we use the classification 
into various plankton elements, according to the binary system of Gran 
(1902). A further discussion of the various elements is given later, on page 351. 












— AS 





lis 





333 


DISTRIBUTION OF PHYTOPLANKTON 

The area of investigation comprises waters which are very heterogeneous 
as to their phytoplankton as well as to their physico-chemical character. The 
hydrographic and chemical data have been treated separately in previous 
chapters and we have found it necessary also to give a separate description 
of the phytoplankton distribution before we enter the discussion of the 
relationship between the biological and the physico-chemical data, which follows 
later on (page 394). 

A descriptive part in which the phytoplankton vegetation in each month 
from March to September has been treated separately is followed by a few 
biogeographical remarks on the phytoplankton of the region. 


MARCH 1932. TABLE XXV 


In March the waters of the bay of Fundy had a very scanty phytoplankton 
population. The character of the phytoplankton at the four stations was much 
the same: neritic forms, such as Chaetoceros debilis and compressus, Ditylum 
Brightwelli, Sceletonema costatum and Thalassiosira decipiens, Asterionella 
japonica, were found together with oceanic forms like Corethron hystrix and 





FiGuRE 33. Phytoplankton stations in March 1932. 


Rhizosolenia hebetata semispina, and also tychopelagic genera, such as Cocconeis 
and Pleurosigma were represented. The bulk of the phytoplankton was made 
up of diatoms, but also the silicoflagellate Distephanus speculum and a number of 
dinoflagellates were observed. 

The maximum number of diatoms (all) was 8860/1. At station 25.05 
Sceletonema costatum was a little more abundant at 10 m. than at the lower 
levels, but in general there was no greater population at 10 m. than at the lower 
depths. (Unfortunately the samples from 1 m. were lost in a fire at the Atlantic 
Biological station.) 


APRIL 1932. TABLES XXVI TO XXXIII 

The Nova and Pelican observations (tables XX VI to XXXII). The investiga- 
tions of Bigelow (1926) and Davidson (1934) show that in March and April an 
immense increase in the numbers of phytoplankton takes place all over the 
gulf and in the Quoddy region, caused by a flowering of diatoms similar to what 
is known from most northern waters. It occurs at somewhat different times 
and proceeds at various rates of speed in the offshore and inshore waters. Our 
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observations from the latter part of April 1932 give an illustration of how different 
the phytoplankton conditions for this reason may be in the various localities. 

In three parts of the region: the south-western coastal area off Penobscot 1 
and Casco bay, in Passamaquoddy bay and the waters over the coastal shelf 
south of Nova Scotia, the spring diatom vegetation was found to be very abund- 
ant. In the central part of the gulf, the spring diatom maximum had passed 
and was succeeded by a sparse dinoflagellate vegetation in the upper levels, 
while remainders of the diatom vegetation were still to be observed in the deeper 
layers. 

In the inner part of the bay of Fundy, winter conditions yet prevailed, 
while in the outer parts a fairly numerous vegetation of diatoms was observed. 
A restricted area in the central part of the bay seems to have had a rich diatom 
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FiGURE 34. Phytoplankton stations in April 1932. Nova and Pelican observations. 


vegetation at this time, but our observations are too few to give any idea of the 
extent of the rich area (see below). 

This spring diatom vegetation consisted of much the same species, but 
varied a little in its composition. The dominant species was Thalassiosira 
Nordenskiéld1, with Porosira glacialis as a regular companion. At the stations 
off Nova Scotia (N190, N192 and N197) there were some highly arctic forms 
mixed in, viz., Achnanthes taeniata, Fragilaria oceanica, Navicula Vanhéffeni 
and Thalassiosira hyalina. Otherwise the most obvious differences in the 
qualitative composition of this diatom vegetation were caused by variations in 
the relative amount of Chaetoceros. The most numerous Chaetoceros species 
were Ch. compressus, debilis and diadema. In some localities they only formed 
a subordinate part of the total population, while at others they were numerous. 
Thus at station 31, 46,000 cells per litre were recorded of Ch. compressus and at 
station 26, 26,800 of Ch. debdilis. 

In general the distribution of Chaetoceros in proportion to Thalassiosira 
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Nordenskiéldi gives the impression that they occur together, but that Thalas- 
siosira is able to grow better than Chaetoceros in spring at the prevailing low 
temperatures (1 to 5° C.). 

The highest figure for Thalassiosira Nordenskiéldi, 760,600 per litre, was 
recorded at station 24A. The other two stations in the western part of the 
gulf, at a similar distance from land, both show figures for this species which 
are higher than 500,000. At station 26, which is the most offshore station in the 
gulf taken at this time of the year, the numbers of diatoms were much smaller 
than at the stations closer to shore in the same area, and the diatom population 
was here mainly found in the 75 m. samples, where Thalassiosira Nordenskiéldi 
occurred with 110,500 and Chaetoceros debilis with 16,400; in both cases more 
than 10°% were resting spores. 

At station N197 also the diatom maximum seemed to have passed, since 
the maxima of the most important species were to be found at 25 and 40 m. 
The sinking of the diatom vegetation was not by far so advanced here as at 
station 26 in the gulf. 

In the inner part of the bay of Fundy (stations 10A and 12) there was a 
community like that which had been observed in the outer part of the bay in 
early March. The most characteristic species were Melosira sulcata and Thal- 
assiosira decipiens, but neither of them occurred in any great quantities, viz., 
less than 4,000 per litre. 


The Prince observations (table XX XIII). During a cruise which had been 
planned for hydrographic purposes, phytoplankton samples were collected for 
general information on the spring conditions in the bay of Fundy. At these 
stations only 10 m. samples were collected for the phytoplankton study, except 
at one station in each of the Lepreau and the Swallow Tail sections. Besides 
these, one station in Passamaquoddy bay and one in the outer Quoddy region 
were also worked. All observations were taken at or close to ebb tide. From 
station 5 we have an observation taken on April 19, a week before the others 
were taken. (For the location of the stations see figure 35.) 

The vegetation which was recorded for all the localities, where the population 
was large, had Thalassiosira Nordenskiéldi as the dominant species. At the 
stations with a small population, Melosira sulcata and Thalassiosira decipiens 
were the most important species, the vegetation here being of the same type 
as in early March was to be found in the outer part of the bay of Fundy. 

The distribution of Thalassiosira Nordenskiéldi, as shown in figure 35, 
illustrates the distribution of these two types of vegetation and thus also shows 
the limits of the waters which were rich and poor in phytoplankton. In figure 35 
the observations from the Tiner section have not been entered. All the stations 
in this section located further to the east along the New Brunswick shore had a 
very poor phytoplankton population of the same type as that of the inshore 
stations in the Lepreau section. 

Water with a similar poor phytoplankton population as that of the New 
Brunswick coastal waters was to be observed at the two innermost stations 
in the Swallow Tail section, while at the stations on both sides (station SW: 
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and the two outer stations) the phytoplankton was very abundant with Thalas- 
stosira Nordenskidldi as the dominant species. In the Swallow Tail section 
as well as in the Lepreau section the two outermost stations show an increase in 
the Thalassiosira Nordenskiéldi figures outwards (see figure 35). It seems clearly 
to be shown by these observations that the poor New Brunswick water protruded 
towards the eastern coast of Grand Manan island, thus separating two areas 
which were rich in phytoplankton, viz., (1) an area in the central part of the 
bay of Fundy, and (2) the Quoddy area, comprising the inner and the outer 
Quoddy regions. 

Such immense differences in the phytoplankton content of waters within 
a fairly small region must be the result of some remarkable difference in the 
properties of these various water types. 





~ OO we oe. 





Ficure 35. The distribution of Thalassiosira Nordenskiéldi at the 10 m. level in the S-section 
(the four lower stations), the Lepreau section, and at three stations in the Quoddy region. 


TS-diagrams for the’stations in the S- and L-sections, reveal that the 
outermost station in the S-section had in the upper layers water which was 
of a different character from the waters of the other stations in this section 
(Watson unpub.), while the inner stations had TS-curves which are closely 
related to those of the stations in the L-section. A similar difference is shown 
in} the photographs illustrating the turbidity conditions at the 10 m. level at the 
various stations in the S-section. The outermost station seems less turbid 
than the other ones, which are much alike and have a high degree of turbidity 
(see figure 32). The waters of the Quoddy region seem (at this time of the year) 
to be less influenced by the coastal waters moving along the New Brunswick 
coast than the waters outside the line between point Lepreau and Grand Manan. 
The Thalassiosira Nordenskiéldi figures show a gradual decrease at the 
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outermost stations shorewards. This is probably the result of the mixing 
which the violent tidal currents produce between the poor and the rich water 
masses. The clear distinction between the three water masses in this area, 
is, however, an interesting evidence of how the identity of water masses may 
be preserved for a long period of time in spite of violent tidal action. The 
great differences in the phytoplankton content can not have been produced 
unless the prehistory of the waters had been different for a fairly long time. 
Chemical data, other than for the salinity, are not available from this 
cruise and we are, therefore, only able to suggest the possible explanation of the 
great differences in the phytoplankton content of these three water bodies. 
During the microscopical examination of the centrifuge samples from these 
stations, it was noticed that the samples which were poor in phytoplankton were 





FicureE 36. Phytoplankton stations in May. 


very rich in detritus, much more so than those rich in phytoplankton. For the 
S-section we have photographs which give an illustration of this fact (figure 32). 
In our opinion the high turbidity of the coastal waters along the New Brunswick 
coast is the main cause of the paucity of these waters in phytoplankton. High 
turbidity reduces the thickness of the productive layer, and then also other 
factors than the light reduction may have a greater checking effect upon the 
plant production than otherwise would have been the case. For a further 
discussion of this question see page 421. 


MAY 1932. TABLES XXXIV TO XXXIX 
In May the Thalassiosira Nordenskiéldi-vegetation in its full development 
was only found in the Quoddy region, at stations 3, 5, 6 and 14. Here the 
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temperature ranged from 3 to a little above 5°C. At the other stations in the 
outer part of the bay of Fundy (7, 35, 36, 37, 32, 33, 34) and the adjoining 
area of the gulf along the coast of Maine (30, 17, 31), there was also a Thalas- 
stosira Nordenskiéldi-vegetation, but here a much larger Chaetoceros population 
was mixed in with it. The figures for Thalassiosira Nordenskiéldi (see figure 37) 
were here small as compared with those found in the Quoddy region and in the 
previous months further south in the gulf. 

In the inner part of the bay of Fundy (9, 10A, 11A, 12, 13) a Chaetoceros 
vegetation with Ch. compressus, debilis and diadema as the most important 
species was predominant. The population at these stations was, however, 
small. At stations 36 and 37 the spring diatoms with Thalassiosira Norden- 
skidldi still formed an important component of the population. Small brown 
dinoflagellates (Exuviaella baltica and Peridinium triquetrum) were fairly abund- 
ant at these central and eastern stations in the bay. 

South of Mount Desert island, at the stations which were located fairly 
close to the shore (27, 25A, 24A) the population consisted mainly of dinoflagellates 
with a few Chaetoceros. At the offshore stations (23A, 26, 28, N255, N256, 
N258, N259, N260) Ceratia dominated the phytoplankton, which practically 
was without any other diatoms than a few remainders of the sinking spring 
diatom vegetation to be found in the deeper layers. The offshore station 29, 
however, had a diatom population like that of the stations in the section further 
north and closer to the shore (30, 17, 31). This would indicate that the waters 
of the coast of Maine north of Mount Desert at this time of the year protruded 
tongue-like as far out into the gulf as to station 29. 

The distribution of the various phytoplankton populations in May gives 
a good illustration of the very different rate of change at the various localities. 
While in the Quoddy region the spring diatom population was still abundant, 
the central part of the gulf had only a few diatoms at the lower levels as reminis- 
cences of the spring vegetation. In the upper levels a Ceratium population of a 
quite different character was now prevalent. In the bay of Fundy (outside the 
Quoddy region) and the coastal part of the gulf, various transitional states 
between the vegetation dominated by Thalassiosira Nordenskiéldi, via the 
Chaetoceros compressus and debilis stage with an introduction of an Exuviaella- 
Peridinium triquetrum population to a Ceratium vegetation were observed. 

At the stations south’of Nova Scotia, a Chaetoceros compressus population 
with a fairly abundant company of heterotrophic peridineans and members of 
the ciliate genus Laboea had succeeded the Thalassitosira Nordenskiéldi vegeta- 
tion. The lack of observations from these waters prevented us from keeping 
track of the further changes, which might have been of interest, since the con- 
ditions so far in many ways seem related to those described from northern 
European waters. 

In this month, as in April, the most striking feature in the quantitative 
distribution is the poverty of the inner part of the bay of Fundy. The Nova 
Scotia side was a little richer than was the New Brunswick side. The richest 
area in diatoms in May was the Quoddy region, where up to 464,000 cells per 
litre of Thalassiosira Nordenskiéldi were observed. The other stations in the 
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he outer part of the bay of Fundy were moderately rich, while station 8A was very 

ng poor. 

IS The dominant Chaetoceros and dinoflagellate population of the coastal 

mn waters of the gulf was not very abundant, and the Ceratium population of the 

7 central part of the gulf was also scanty, except at station N259, where the dis- 

1e tribution of ‘‘all Ceratia”’ was as follows: 1 m., 2,620; 10 m., 3,240; 25 m., 1,820; 
40 m., 1,840; and 75 m., none observed in the centrifuge samples. 

0S The coastal waters of Nova Scotia were poor in phytoplankton. 

it 

r, JUNE 1932. TABLES XL TO XLVI 


1- The changes which took place in the phytoplankton conditions between 





FicureE 37. Thalassiosira Nordenskidldi. Maximum numbers at the stations in May. 


the May and the June observations were in the Fundy region very radical. 
| The most obvious feature was the extreme decline in phytoplankton of the 
| greater part of the region, but the changes which had taken place in the com- 
position of the phytoplankton were also remarkable. 
In Passamaquoddy bay, Thalassiosira Nordenskiéldi had been replaced by 
Chaetoceros debilis as the dominant diatom (more than 150,000 per litre). In 
the outer part of the Quoddy region and the rest of the bay of Fundy inside of 
Grand Manan, with the exception of the waters represented by stations 36 and 
37, the very poor phytoplankton consisted of diatoms like Actinoptychus un- 
dulatus, Melosira sulcata, Thalassiosira decipiens, a few Chaetoceros, and at 
some stations Leptocylindrus danicus and Sceletonema costatum. The total 
number of organisms at these poor stations only amounted to a few thousands 
or less per litre at the richest level. 











At the central station in the bay of Fundy, no. 36, the population was 





composed of Detonula confervacea, Eucampia recta, Sceletonema costatum, Eutreptia 0 
Lanowi, Exuviaella baltica and Peridinium triquetrum, with some other forms € 
mixed in. This was the richest station in the bay of Fundy outside the Quoddy t 
region, with about 13,000 Detonula, 3,000 Sceletonema and 20,000 Eutreptia 

as the maximum numbers at the station. The neighbouring station on the V 
Nova Scotia side (37) had much the same species and in addition Leptocylindrus é 
and Rhizosolenia fragilissima, which seem to have been carried in with the ( 
water from the gulf, since they were predominant forms at station 8A, where ' 


inflowing water enters the bay. The same forms were also found at the neigh- 
bouring station, 35. 





FIGURE 38. Phytoplankton stations in June. 





The outer part of the Fundy region, south of Grand Manan (32, 33, 34) 
had a population with Détonula confervacea, Rhizosolenia fragilissima, Thalas- 
siosira decipiens and Eutreptia Lanowi as the main species. Close to shore (32) 
a Chaetoceros debilis population was found to be mixed in and at the outer 
station (34) Pontosphaera Huxleyi was observed, but in rather small numbers 
only. At neither of them were Ceratia numerous. 

In the gulf Chaetoceros debilis was predominant at the shore stations off 
Mount Desert island and Penobscot bay (30, 27), while further west, off Casco 
bay, Sceletonema costatum was predominant. 

The offshore stations off Mount Desert island had a scanty population of 
Rhizosolenia fragilissima with some Ceratia and Pontosphaera Huxleyi, while 
in the next section westward, all the stations had a vegetation with Chaetoceros 
dominant, similar to that which has been described from the stations close to 
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shore (27). The salinity distribution shows that the less saline coastal waters 
off Penobscot bay reached out beyond our outermost station. This gives an 
explanation of the difference in the phytoplankton conditions at the same dis- 
tance from land in the Mount Desert and the Penobscot sections. 

The offshore stations in the westernmost section, had a Ceratium population 
with some remnants of the sinking Chaetoceros population of the previous months 
and some Pontosphaera Huxleyi at the outermost station. The Ceratia had 
their greatest abundance at station 24A, where they, as at most of the stations, 
were found in greatest numbers at the intermediate depths (25 and 40 m.). 
At station 26, however, they were as numerous at 1 m. as at the other depths. 

Quantitatively the most remarkable features in the phytoplankton distribu- 





FIGURE 39. Phytoplankton stations in August. 


tion in June were: (1) the poor vegetation in the greater part of the Fundy 
region; (2) the fairly rich diatom vegetation along the coast of Maine and in 
Passamaquoddy bay; and (3) the moderately rich Ceratium vegetation of the 
offshore waters in the gulf. 


AUGUST AND JULY 1932. TABLES XLVII TO LV 

The phytoplankton conditions in the gulf of Maine were in the middle of 
August not very different from those observed at the end of June. The oceanic 
stations (26, 28, 29 and 31) showed an oceanic plankton consisting of Ceratia, 
Rhizosolenia alata (and less abundantly R. imbricata var. Shrubsolei) and Pon- 
tosphaera Huxleyi, similar to the plankton described by Gran (1933) from the 
cruise of the ‘“‘Atlantis’’ at the same season. Ceratium longipes, which dominated 
in June, was now replaced by C. fusus and C. tripos, but still considerable numbers 
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both of C. longipes and of C. bucephalum were found in the cold waters at a depth 
of 75 m. 

In the shallower waters near the coast, at stations 27 and 30, the same mixed 
vegetation of neritic diatoms as observed in June was still growing (see figure 40). 
The relative abundance of the species had changed a little. Chaetoceros debilis, 
which dominated and had its maximum in June (255,000 cells per litre at station 
27, and 707,000 at station 30), had decreased to 13,000 and 8,000 cells per litre. 
Ch. compressus had decreased less and was now dominant together with Ch. 
cinctus. At both stations the plankton was rich in species, among which Ch. 
constrictus and Rh. fragilissima may be named. At these localities, near Mount 
Desert island and Penobscot bay, a rich vegetation of plankton diatoms was 
also observed by Bigelow in the years 1912 to 1915. (Bigelow 1926). 

At the intermediate stations of all sections the phytoplankton showed 
transitions between the oceanic and coastal conditions. In all sections it 
was characteristic that the abundance in phytoplankton and the existence of 
a surplus in oxygen and a low content of phosphates were limited to a shallow 
surface layer of 10 m. or less at the coastal stations, while at the offshore stations 
a vivid production was going on as far down as to the 25 m. or at station 29 
even to the 40 m. level. Here the water was supersaturated with oxygen at 
40 m., the Ceratia (C. fusus and tripos) were abundant at the same depth, even 
if their maxima were found higher up, and Rhizosolenia alata had its maximum 
at 40 m. 

At station 30, the deeper layers, below the zone of photosynthesis and 
propagation, contained at the depth of 25 to 40 m. diatoms which otherwise 
were characteristic of the bay of Fundy, viz., Sceletonema costatum, Asterionella 
japonica and as minor components, Ditylum Brightwelli and Coscinodiscus 
excentricus. This population may probably have drifted out with currents 
from the bay of Fundy. 

In the bay of Fundy the situation showed remarkable changes since June. 
The waters were no longer so barren, but contained at various localities a fairly 
rich vegetation of phytoplankton. The inflowing waters along the Nova 
Scotian coast and the outflowing waters along the New Brunswick coast each 
had their characteristic phytoplankton, while the more stable waters in the 
centre seemed to be influenced from both sides. 

The inflowing waters ‘were characterized by a society of neritic diatoms 
with Chaetoceros constrictus as the leading species (see remarks on the terminology, 
page 332). It had a maximum of 74,000 cells per litre at station 8A and 75,000 
at station 37. It was found in abundance also at stations 35 (24,000) and 34 
(29,000), in smaller numbers at the stations 33 (11,000), 7 (8,000) and 6 (3,000), 
but quite scarce farther in and on the New Brunswick side (see figure 69). 
It had already formed many resting spores and was evidently sinking, as its 
maximum was often found to be at 25 to 40 m. Of subordinate components 
of this society may be mentioned Cerataulina Bergoni, which had a maximum 
of 3,500 at station 8A and 2,700 at station 37. 

Another society of diatoms, more abundant on the western side of the 
bay, was represented by Sceletonema costatum and, as minor components, by 
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Asterionella japonica, Ditylum Brightwelli and Coscinodiscus excentricus. Scele- 
tonema was found over the whole bay, but with a pronounced maximum at 
stations 7 (527,000 per litre), 6 (491,000) and 35 (517,000). At these localities 
it was concentrated in the surface layer (the 1 m. and 10 m. levels). It was 
abundant also in Grand Manan channel (station 14) and here more or less evenly 
distributed through the whole water column, down to 75 m. or more, with a 
frequency of 113,000 to 369,000 cells per litre. Along the New Brunswick coast 
(stations 11A, 12, 13 and 5) it occurred regularly at all depths, but in small 
numbers, up to 8,000 per litre. 

Asterionella japonica was neither observed in the inflowing waters (stations 
8 and 37), nor outside the bay of Fundy, except in the deeper layers at station 30, 





Figure 40. Maximum figures for ‘‘all diatoms” and “‘all Ceratia” at the stations in August. 


as mentioned above, but regularly at stations 11A, 12 and 13 along the New 
Brunswick coast. A rich vegetation of this species was found only at the same 
stations where Sceletonema had its mass occurrence, viz., station 6 (45,000), 
7 (18,000), 35 (4,800) and 14 (11,000). The same distribution characterized 
Ditylum Brightwelli, which is a slower growing species and at its maximum, at 
station 6, only reached a frequency of 1,000 per litre. Numbers of above 100 
per litre were found only at stations 6, 7, LLA, 12, 13, 14,5and 35. Coscinodiscus 
excentricus also had a similar distribution, but was still scarcer. With these 
four species a number of other diatoms were observed. At stations 6, 7 and 35 
as many as 32 to 33 species of diatoms were observed in the centrifuged samples. 
It may be said with certainty that the above named four species had a 
centre of distribution in the bay of Fundy in summer. They seemed to have 
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been drifting, without rapid propagation, along the New Brunswick coast, 
but their maxima were always found around Grand Manan. 

Another important society is represented by some species of brown peridin- 
eans, too small to be caught regularly in the nets and therefore insufficiently 
known with regard to their distribution and biology. The species occurring 
regularly in our area are Peridinium faeroense, P. triquetrum and trochoideum 
and the somewhat larger species Gonyaulax tamarensis. During their pro- 
pagation they regularly form naked zoospores. These as well as the normal 
cell with cell walls and the cysts, have a dense plasma and are certainly most 


important as food for the zooplankton, when they occur in great numbers as 
in the bay of Fundy in summer time. 





FIGURE 41. Peridinium triquetrum. Maximum numbers at the stations in August and the 


depths at which they occurred. 


The species mentioned’ above have all nearly the same distribution in our 
area. As a representative we choose Peridinium triquetrum, the most charac- 
teristic and commonest species, and propose to name the society the Triquetrum- 
society. The distribution of P. triquetrum in August is shown in figure 41. 

The species was observed over the whole area, but most abundantly in the 
bay of Fundy, where it had two centres of distribution with a frequency of above 
50,000 cells per litre, one at station 37 near the outlet from Digby gut, another 
at station 12, outside the Saint John river, with a maximum of nearly 122,000 
per litre. The maximum at each station was always found in the surface layer, 
most often at the very surface. Its occurrence in the gulf of Maine seems to 
indicate that it had a tendency to accumulate at the depth corresponding to the 


optimal combination of sufficient light and nutrition. At the outermost stations 
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(26, 29 and 31) the highest number was found at a depth of 25 m., at the inter- 
mediate stations (23A and 28) at 10 m., and at the inner stations (24 A, 25A, 27 
and 30) at 1 m. as at most of the stations of the bay of Fundy. 

The Triquetrum-society consists of undoubtedly neritic species, probably 
originating each year from shallow waters, where the cysts may be hibernating, 
and spreading rapidly along the surface over wide areas during the summer. 
Nothing can be said as yet about the factors favouring a rapid propagation and 
the formation of dense populations of these species within limited areas. Special 
studies on these questions would certainly give valuable results. 

Besides these neritic societies, we found in August a number of oceanic 
species occurring regularly and in relative abundance. The most important 
ones of these were Pontosphaera Huxleyi and Ceratia, particularly Ceratium 


fusus and tripos, and the diatom Rhizosolenia alata. All of them were charac- 


teristic inhabitants of the open waters in the gulf of Maine, where they had 
their maxima at the outermost stations (26, 23A, 28, 29, 17 and 31), but all of 
them were also abundant in the outer and central parts of the bay of Fundy. 

Pontosphaera Huxleyi was even more abundant at some stations in the bay 
of Fundy than in the gulf of Maine (see figure 42). At station 37, 65,000 cells 
per litre were found at the surface; at station 7, 51,000 at 25 m.; at station 36, 
26,000; station 35, 22,000; while the maximum in the gulf of Maine was about 
15,000. Considerable numbers, 13,000 to 14,000 per litre, were also observed 
at the inner stations along the New Brunswick coast (10A and 12). Around 
Grand Manan this species was very scarce. Also the new species, Pontosphaera 
Bigelowi, which was much rarer, had a similar distribution. Its maximal 
frequency, 600 per litre or more, was found at the outer stations in the gulf, 
but it was also observed in nuntbers of 200 to 300 at stations 36 and 37 in the 
bay of Fundy, and in smaller numbers at station 7 and further in (stations 10A, 
11A and 12). 

Ceratium fusus, which at the outer stations in the gulf (26 and 29) had its 
maximum of 600 to 7,000 per litre at a depth of 25 m., was also found in numbers 
of 500 or more at the surface at stations 7, 35, and 13, and in numbers up to 200 
at stations 33, 36, 37, 8A, 10A, 11A, and 12. This species was also very rare 
around Grand Manan. C-. tripos had a similar distribution, but occurred less 
abundantly. 


Rhizosolenia alata, which along the Norwegian coast used to accompany 
the ‘‘Tripos-plankton”’ of Cleve (the Tripos-society), is also a characteristic 
member of the Ceratium-summer-plankton of the gulf of Maine and the bay of 
Fundy. Maxima of 5,000 per litre or more occurred at 25 to 40 m. in the gulf 
of Maine, but numbers of 2,000 to 4,000 were also found at a depth of 1 to 10 m. 
at the following stations in the bay of Fundy: 33, 34, 35, 36, 7, 10A, LIA, 12 and 
13. Around Grand Manan this species, like the other members of this society, 
was very scarce (stations 5, 14, 15 and 32). R. alata was often, but not always, 
accompanied by its larger relative, R. imbricata var. Shrubsolei, in numbers up 
to 1,000 per litre. 

Thus, the phytoplankton of the bay of Fundy in August was characterized 
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by the following societies: (1) the Sceletonema-society of neritic diatoms of 
local origin, with a maximum development around Grand Manan; (2) the 
Constrictus-society of neritic diatoms, introduced with currents along the 
coast of Nova Scotia; (3) the Triquetrum-society of neritic, autotrophic peri- 
dineans of uncertain origin, widely spread along the surface, with a minimum 
around Grand Manan; (4) the Tripos-fusus-society of oceanic Ceratia, coc- 
colithophorides (Pontosphaera) and diatoms (Rhizosolenia), connected with a 
similar society dominant in the offshore waters of the gulf of Maine, and propa- 
gating with about the same intensity in the central parts of the bay of Fundy 
(but here nearer to the shore than in the gulf), and having a minimum of 
frequency around Grand Manan. 
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FIGURE 42. Maximum numbers of coccolithophorides at the stations in August, and the depths 
at which they occurred. 


SEPTEMBER 1931 AND 1932 

Observations of the general survey (Tables XX to XXIV and LVIII to LX). 
For the month of September we have observations in the bay of Fundy during 
two successive years, viz., 1931 and 1932. From August to September 1932, 
the phytoplankton had decreased strongly over the whole bay. At most of the 
stations the oxygen tension was below saturation even at the surface, and the 
phosphate content was high. Station 7 was one of the few stations where an 
effective production was still going on. Most of the species (and societies) from 
August were still present, but in much smaller quantities. 

The Sceletonema-society was still represented by the same species as before. 
Sceletonema costatum was found at most of the stations with a maximum of only 
8,600 at station 7. Asterionella japonica had the same distribution with 2,300 
per litre at station 7 and 3,600 at station 13. The more slowly growing species 
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had decreased less. Ditylum Brightwelli was still represented by 260 per litre 
at station 5 and 200 at station 12, Coscinodiscus excentricus by 80 cells per litre 
at the two stations 12 and 14. 

The Constrictus-society had almost disappeared, as might be expected 
from the numerous resting spores observed in August. Chaeloceros constrictus 
was observed at a few stations in quite small numbers. 

The Triquetrum-society was strongly reduced, and its distribution limited 
to some stations near the mouth of the bay (7, 35, 36, and 37). At station 7 
still 3,620 cells per litre were found of Peridinium triquetrum at 1 to 10 m., and 
at station 37, 4,920 per litre at the surface. 

The oceanic species, the Tripos-fusus-society, had also decreased in fre- 


September 1931 





FiGURE 43. Phytoplankton stations in FiGuRE 44. Phytoplankton stations in 
September 1932. September 1931. 


quency. At station 7, Ceratium tripos and C. fusus were still represented by 
160 per litre each, and 80 per litre at station 35; elsewhere only single specimens 
were observed. Pontosphaera Huxleyi had maxima of about 800 per litre at 
station 7 and 37; 500 at station 8A; 320 at station 36 and 120 at station 35 and 
quite a few at station 10A. At the other stations it was not observed at all. 
Rhizosolenia alata had disappeared nearly completely; its highest frequency was 
80 per litre at station 7. 

It may be mentioned that single specimens of oceanic species were observed, 
certainly introduced from the gulf of Maine, such as Rhabdosphaera stylifera 
(station 36), Acanthoica acanthifera (stations 36 and 37), Lohmannosphaera 
subclausa (stations 7 and 36) and Pontosphaera Bigelowi (station 10A). 

Single specimens were also observed of two species of diatoms, which 
according to Davidson (1934) are characteristic inhabitants of the shallow 
waters at the head of the bay, viz., Biddulphia regia (station 5, 12, 13 and 14) 
and Streptotheca thamesis (station 13). Only in September these species oc- 
curred abundantly enough to be observed in the centrifuge samples. 

The observations from 1931 show how the character of the phytoplankton 
may vary from one year to another. In 1931, the Sceletonema-society was 
much more abundantly represented in September than was the case in 1932, 
and its occurrence reminded one more of the situation in August 1932. Scele- 
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tonema costatum had at station 6 a maximum of 145,000 per litre on the 11th 
of September, and 161,000 on the 22nd of September. At the stations along the 
New Brunswick coast (11, 12 and 5) it was found through the whole water column, 
in numbers from 4,000 to 8,000 cells per litre. Asterionella japonica had a 
maximum of nearly 15,000 per litre at station 6, but was rare elsewhere. Ditylum 
Brightwelli also had its maximum (1,420 per litre) at station 6, likewise Cos- 
cinodiscus excentricus (160 per litre), but this species was also well represented 
at stations 5, 11 and 12, and in Passamaquoddy bay. 

The Triquetrum-society was abundant in the inflowing waters on the 
Nova Scotian side (8A, 10A and 7) with a marked maximum at station 7. 

The Tripos-fusus-society was very poorly represented in September 1931. 
Pontosphaera Huxleyi was quite scarce, as well as Ceratium tripos and fusus. 
Each of these had a maximum of only 80 per litre at station A in the centre of 
the bay. Ceratium longipes and particularly C. bucephalum were more numerous 
in 1931 than in 1932, and dominated the more thermophile species C. tripos and 
fusus. All of the species had their maxima at the same station, viz., station A, 
C. longipes with 100, and bucephalum with 200 cells per litre. Rhizosolenia 
alata was not observed at all in 1931. It was replaced by R. imbricata var. 
Shrubsolei, which had a maximum of 1,560 per litre at station 10. 

The most remarkable feature was in September 1931 the relative abundance 
of oceanic species, indicating clearly a strong inflow of Atlantic water. The 
most characteristic one of them was Rhabdosphaera stylifera which was observed 
at all stations on the Nova Scotian side (8A, 10 and A), in numbers of 1,000 per 
litre and more, in the surface waters (1 and 10 m.). Many of the cells were 
empty, and the species evidently did not propagate in the bay; so its abundant 
occurrence was the more astonishing. It was observed in smaller numbers also 
at station 7, and a single specimen at station 6. Coccolithus pelagicus occurred 
regularly at the same stations in numbers up to 320 per litre (station 10), Acan- 
thoica acanthifera with a maximum of 280 per litre at station 8A, and single 
specimens at stations A and 10. Syracosphaera pulchra was observed as single 
specimens in the samples from stations 8A and 10, and Calyptrosphaera oblonga 
at station A. 

As visitors from the head of the bay, were observed Biddulphia regia at 
stations 7, 11 and 12, most regularly at station 11, and Streptotheca thamesis 
at stations 1l and 12. ' 

Passamaquoddy bay had on the 12th of September, 1931, a characteristic 
phytoplankton. It was not rich, the total number of diatoms being 2,560 cells 
per litre at a depth of 1 m. and 4,040 at 40m. At this depth it consisted mostly 
of sinking cells of tychopelagic species, such as Melosira sulcata. The surface 
water contained an extraordinary number (16,260 per litre) of Distephanus 
speculum, which elsewhere was mostly observed only as single specimens in the 
samples. Guinardia flaccida had also a characteristic local occurrence, 460 per 
litre at the surface, of relatively small specimens. Chaetoceros simplex, which in 
other areas has been observed as a characteristic inhabitant of more or less 
closed basins, had a local maximum of 740 per litre at the surface. On the 21st 
of September all these species had decreased to less than half the number, while 
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Thalassionema nitzschioides, which in 1932 was very abundant in the bay at this 
time of the year (see below), had increased from 220 to 1,100 cells per litre. 

As results of these observations in September, it may be summarily stated 
that the phytoplankton of the bay of Fundy was decreasing in number and 
that visitors from outside were found more abundantly at this season than during 
the rest of the year. 


Special observations on the phytoplankton of Passamaquoddy bay, the 
Western Quoddy passage and the outer Quoddy region in September 1932. 
The violent currents which pass through the entrances to Passamaquoddy 
bay at every rising tide transport about 700,000,000 cu. feet (19,822,000 cu. m.) 
of water from the outer Quoddy region to the inner, and in the reverse direction 
at falling tide. The churning in the channels obviously mixes the waters which 
pass through, but the effect of this mixing on the waters inside and outside 
is less easily perceptible. Since this question of the interchange of water through 
the passages was of special interest in this investigation, a combined hydro- 
graphical and planktological study of the problem was made in the middle of 
September 1932. 

Observations were made at high and low tide. Since we had only two 
boats at our disposal, the observations could not be made simultaneously, but 
they were carried out in such a way that at flood the inner stations were worked 
last and at ebb the outer stations last, so that presumably the maximal effect 
of the tidal transport should be obtained. At low water one station was worked 
in the inner part of Passamaquoddy bay and one in the outer Quoddy region, 
both in the regular localities for the monthly observations. In the passages 
three stations were worked during flood and two during ebb. The locations of 
the stations are shown in figure 43. 


In September there was a remarkable difference between the plant commun- 
ty within the bay and that outside. In the upper water layers in the bay, 
where the “inside or bay community’’ was purest, the dominant species was 
Thalassionema nitzschioides, which with its 100,600 cells per litre at 1 m., here 
numerically represented 94.9% of the total diatom population recorded (see 
tables LVI and LVII). At 7 m. it was relatively a little less abundant, with 
85°, and at 20 m it only formed 61% of all diatoms. At station 5, in the outer 
Quoddy region, Thalassionema nitzschioides formed less than 5% at any of the 
depths at which we have observations. In this “outside community” 
Asterionella japonica and Sceletonema costatum were the dominant species, 
constituting more than 85% of all diatoms at every level. 


In figure 45 the relative percentages which Thalassionema forms of the 
sum of the three species Asterionella japonica, Sceletonema costatum and Thalas- 
sionema have been used to show the distribution of the two communities. 

At ebb tide the stations in the passages contain water which in its phyto- 
plankton content is much influenced by the bay. The isoline for 50% Thalas- 
sionema is found at a lower depth at station 2 than in Passamaquoddy bay 
proper, which is shallower (1C), and even at station 4, in the outer part of the 
passage, the relative percentages of Thalassionema are at all depths above 25%. 
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At station 5 there is a pure ‘‘outside community” with a relative Thalassionema 
percentage of less than 5 (see figure 45). 

At flood tide we have no observations for the innermost and the outermost 
stations, since it was considered to be highly probable that these stations would 
have the same characteristics at flood as at ebb tide. At station 4, in the outer 
passage, the outside community was at this phase of the tide to be found prac- 
tically unchanged, while at 2A in the inner part, almost within the bay, the 
community was a mixture of the two, with a Thalassionema-percentage of be- 
tween 18.2 and 27.4%. 

The fact that the water of the bay and that of the outside region have 
such different communities as here recorded, shows that the interchange in 
the productive layers between the inner and the outer Quoddy region is not 
very intensive. The waters in the passages at ebb tide seem to consist of a 
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---- Thalassionema niteschioides | Passamoguoddy community) 


FIGURE 45. The relative distribution of Asterionella and Thalassionema in the Quoddy region 


in September 1932. 


mixture of outside water and bay water. At high tide a great part of this water 
mass is forced into the bay, where it sinks down under the bay water proper, 
while outside water fills the outer part of the passage. On the border between 
the bay water and this inflowing water mixing takes place. The fact that the 
35 m. sample at station 1C at ebb contained a far greater percentage of the out- 
side forms than of the inside ones, is an indication that the population here has 
been brought in recently, because it seems improbable that the community 
should have propagated much in this locality, where light, according to the other 
phytoplankton observations and the oxygen observations, is hardly sufficient to 
maintain any considerable photosynthesis. 

The observations at ebb, which show that the waters at station 5 contained 
very little of the inside community, viz., less than 5% of Thalassionema, indicate 
that the passage water only slowly influences the waters of the outer Quoddy 
region. Therefore, according to the phytoplankton observations it seems 
reasonable to consider the waters as if there were three different water masses. 
The bay water, to be found in the upper layers of Passamaquoddy bay; the out- 
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side water to be found in the outer Quoddy region; and as a third the passage 
water, which at low tide is to be found in the deeper layers of the bay and the 
inner part of the passages and in the whole outer part of the passages, while at 
flood tide it is to be found in the inner part of the passages and in the bottom layers 
of the bay. This distinction is in agreement with the hydrographical observations 
for this time of the year, and according to observations for June, the hydro- 
graphical situation is at that time much the same in regard to the interchange 
of the outside and inside waters of the Quoddy region (Watson unpub.). 


The observations at station 2 for flood tide have not been taken into account, 
since the samples by mistake were not preserved. They were counted and 
although the results are not quite comparable with the others, there is one 
striking feature which is so pronounced that we shall mention it. The 1 m. 
sample at station 2 had 65.7% Thalassionema, so the waters were here decidedly 
of bay character, very much more so than at the station 2A inside (see figure 45). 
This observation is corroborated by the oxygen data. 


The records of the percentages of oxygen saturation from these localities 
show such small differences that this property of the water cannot be generally 
used for tracing the various water masses in detail. There is, however, one 
striking feature, viz., that the water in the bay has a little higher oxygen per- 
centage, above 90%, in the upper levels (1 and 7 m.) than elsewhere. In the 
lower levels and in the passages the percentages were about 87 to 90. The 
surface water at station 2 at flood tide has an oxygen percentage of 91.4%, 
which is in agreement with the planktological characteristic of this water as 
bay water. The hydrographical observations also support this identification 
(Watson unpub.). It therefore seems as if some tongue of bay water must 
have remained in the adjoining cove and drifted out or in some other way have 
been kept aside from the churning currents in the passage. 


These few observations from the Quoddy region in September seem to 
indicate that the bay water is influenced by the mixing chiefly in the deep layers. 
The waters of the outer Quoddy region seem to be only little influenced by the 
water from the productive layer in the bay. 


BIOGEOGRAPHICAL REMARKS ON THE PHYTOPLANKTON 


The picture which in the foregoing pages we have endeavoured to give 
of the shifting populations of phytoplankton in the waters of the bay of Fundy 
and the gulf of Maine, gives examples of the multitude of vegetations which 
are to be found wherever in temperate waters the phytoplankton is studied. 
For a comparison of the various vegetations it has proved useful to classify the 
species occurring in the plankton in biogeographical groups according to their 
general distribution. As principles for such a division into plankton elements 
(Gran 1902) may be used primarily (1) the relation of the species to the bottom, 
and, for subdivision, (2) their temperature requirements. 

A. The oceanic species (Haeckel 1890) may survive for an unlimited 
number of generations in the open ocean, where the biological conditions are 
uniform. They are holoplanktonic (Haeckel) and have no dependence on 
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the bottom in any stage of their life. In the coastal waters where the life con- 
ditions are variable, they may survive in smaller numbers also during winter, 
often representing the greater part of the scanty winter plankton. 

B. The neritic species (Haeckel) occur in coastal waters, periodically, 
many of them as a very dense population of short duration. Most of them are 
meroplanktonic (Haeckel), surviving during unfavourable seasons as resting 
spores attached to algae or other substrata in the littoral zone. They may be 
drifting with currents far out in the open sea where their occurrence indicates 
an admixture of waters of coastal origin. 

C. The tychopelagic species belong to the littoral zone, where they move 
along the bottom in shallow waters or grow attached to algae, hydroids and 
similar objects; but they may be washed out from the shores, often in considerable 
numbers, particularly in turbulent waters. Of the numerous littoral species 
only a few occur so regularly in the plankton that they are observed in the 
centrifuged water samples. Some of the littoral diatoms, as some of the Lic- 
mophora species, may grow attached to pelagic animals, particularly on the 
abdomen of copepods, such as Centropages. 


A subdivision of these groups has been made according to the temperature 
requirements of the species. Gran (1902) distinguished in the North Atlantic 
arctic, boreal and temperate-atlantic species. The distinction must be 
more or less arbitrary, because many of the species are eurythermic, and because 
at each locality the temperature changes with the season, favouring the growth 
of arctic or northern species in early spring, while in August and September the 
conditions are more favourable for species which have their main distribution 
farther south. Nevertheless, a distinction of plankton elements on these 
principles has been possible. In the following we have tried to arrange the 
species of phytoplankton of our area in such biogeographical elements, omitting 
until more observations are available, such species as are observed in so small 
numbers that their biological relations are doubtful. 


A. OCEANIC SPECIES 
Al. The arctic oceanic plankton element. 


Ceratium arcticum 
, Dinophysis arctica 


A2. The boreal oceanic plankton element. 


Chaetoceros atlanticus Rhizosolenia hebetata-semis pina 
o borealis Thalassiothrix longissima 
Ps convolutus Ceratium longipes 
. decipiens Peridinium depressum 
Coscinodiscus centralis r ovatum 
- curvatulus pallidum 
° radiatus 


Nitzschia delicatissima 
seriata 
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The temperate oceanic plankton element. 
Chaetoceros densus 

Corethron hystrix 

Rhizosolenia alata 

imbricata v. Shrubsolet 


ae 


styliformts 


Ceratium bucephalum 
fusus 
tripos 

Dinophysis acuta 

Peridinium crassipes 

Coccolithus pelagicus 

Pontosphaera Huxleyi 


It may be added that members of a subtropic oceanic plankton element may 
occur occasionally as visitors, particularly in September, as for instance, Rhab- 
dosphaera stylifera. 


B. 
Bl. 


NERITIC SPECIES. 
The arctic neritic plankton element. 


To this group Gran (1902) referred only the purely arctic species, while 
those which occur in boreal waters are included in the next group. 


B2. 


B3. 





Achnanthes taeniata 
Asterionella kariana 
Bacteriosira fragilis 
Chaetoceros furcellatus 


The boreal neritic plankton element. 
Biddulphia aurita 
Chaetoceros compressus 


r debilis 
diadema | 
laciniosus 
pseudocrinitus 
vadicans 
similis 
simplex 
socialis 
teres 
Exuviaella baltica 
Dinophysis acuminata 
. norvegica 


Fragilaria oceanica 
Navicula Vanhéffeni 
Thalassiosira hyalina 


Coscinosira polychorda 


re Ostrupi 
Detonula confervacea 
Leptocylindrus danicus 

™ minimus 


Porosira glacialis 
Rhizosolenia fragilissima 
Rhizosolenia setigera 
Sceletonema costatum 
Thalassionema nitzschioides 
Thalassiosira bioculata 

* decipiens 
gravida 
a Nordenskioeldi 


sé 


The temperate neritic plankton element. 


Actinocyclus Ehrenbergi 

Asterionella japonica 

Biddulphia regia 

Cerataulina Bergoni 

Chaetoceros affinis (incl. v. Willez) 
Fr brevis 

cinctus 


sc 


“ec 


constrictus 


Dactyliosolen mediterraneus 
Ditylum Brightwelli 
Eucampia recta 

zoodiacus 
Guinardia flaccida 
Lauderia borealis 
Streptotheca thamesis 
Gonyaulax tamarensis 
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Chaetoceros danicus Peridinium faeréense 
Ps didymus triquetrum 
Coscinodiscus excentricus trochoideum 


se 


ae 


C. TYCHOPELAGIC SPECIES. 


All the littoral species observed in our plankton samples are most naturally 
referred to the boreal group. 
C2. The boreal tychopelagic plankton element. 
Actinoptychus undulatus 
Biddulphia alternans 
Melosira sulcata 
Navicula distans 
Nitzschia closterium 
Pleurosigma Normani 


Although our area of investigation is located between latitudes 41° and 
43° N., the phytoplankton is of much the same character as that of the northern 
European waters, located 20° or more further to the north. The great majority 
of species are common to both sides of the Atlantic. Only one neritic diatom, 
Coscinosira Oestrupi, is characteristic of the American side, and those parts of 
the open Atlantic influenced from American waters. On the other hand, two 
species are very common and often abundant on the European side, but not at 
all observed in our material from the bay of Fundy and the gulf of Maine, viz., 
the temperate neritic diatom Chaetoceros curvisetus and the temperate oceanic 
dinoflagellate, Ceratium furca. 

The species which are the most important ones in the production in our 
area belong to the boreal and temperate plankton elements. In spring the 
boreal neritic element dominates the rich production, not only in the bay of 
Fundy and along the coast of the gulf of Maine, but also in the offshore waters 
of the gulf. In summer the temperate species take the lead, oceanic species in 
the offshore parts of the gulf, and neritic species along the coasts and in the whole 
bay of Fundy. 

The whole productive season is shorter in the bay of Fundy than in northern 
European waters. The rich diatom population of spring may in Skagerack, 
about 59° N., have its begihning in the first part of February, while the same 
saciety of species in the bay of Fundy is to be found beginning the latter half of 
March. In the bay of Fundy the phytoplankton was already decreasing in 
September, while in Skagerack a rich plankton of diatoms or dinoflagellates 
may be found even in November. The seasonal periodicity of the individual 
species also shows some differences. Chaetoceros constrictus, for instance, on 
the coast of southern Norway has a regular maximum in April, while in the 
northern part of the gulf of Maine and in the bay of Fundy it does not occur in 
abundance until August. Sceletonema costatum, one of the dominant neritic 
diatoms of the bay of Fundy, here a distinct summer species, very scarcely or not 
at all represented in the spring plankton, is along the Norwegian coast and also 
in Scotland (loch Striven, Marshall and Orr 1927) one of the very first species 
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which occurs in abundance in early spring. On the European coasts it may also 
occasionally form a dense local population at other seasons, thus appearing as a 
distinctly eurythermic species. 

The phytoplankton populations of the various waters in the region do not 
change or succeed each other in the same way. The sequence of vegetations 
from season to season differs considerably according to locality and it might have 
been an interesting problem to follow these changes in detail and trace the con- 
nections with the factors of the habitat. Our material is, however, too scanty 
to allow any such study, so we shall confine ourselves to a broad summary of the 
main types of populations, which were observed in our material. We shal] then 
distinguish between six main types of phytoplankton vegetations, in the sense 
defined above (see page 332). 

1. A winter vegetation, composed of members of five plankton elements, 
viz., boreal tychopelagic, boreal neritic and oceanic, temperate neritic and 
oceanic forms. The number of species is fairly large while the quantities of 
each species, as well as of the total population, are small. 

2. A spring diatom vegetation of boreal neritic species. This type 
of vegetation is quantitatively perhaps the most important one, since it is re- 
presented by the enormous populations which in late March and April are to 
be found in the greater part of the area. The composition varies somewhat 
according to the locality and the season, but the following species always form 
important parts of it: Thalassiosira Nordenskioeldi, Porosira glacialis, Chae- 
toceros debilis, compressus and diadema. ‘The accompanying dinoflagellates are 
numerically of subordinate importance. 

3. A summer diatom vegetation, with boreal and temperate neritic 
species as the most prominant.ones. The occurrence of this type of vegetation 
may be somewhat more local than that of the previous ones. In some localities, 
however, it is very abundant and doubtless of great importance for the pro- 
ductivity of the waters. The most important members are: Asterionella ja- 
ponica, Chaetoceros constrictus and Sceletonema costatum. 

4. Asummer dinoflagellate vegetation of temperate neritic and boreal 
and temperate oceanic species. In summer (the actual time varies considerably 
from one locality to another) the diatom vegetations are succeeded by a vegeta- 
tion which is dominated by flagellates. In the offshore waters this vegetation 
is made up of oceanic species, mostly temperate ones, but also boreal ones 
(Ceratium longipes), while in inshore waters the most important members of 
the vegetation are of temperate character (Gonyaulax tamarensis, Peridinium 
faeroense, triquetrum and trochoideum). 

5. A coccolithophoride vegetation with Pontosphaera Huxleyi as 
the main component. 

The composition of these different vegetations is conditional upon so 
many factors, of which the greater number indirectly are dependent upon the 
hydrographical conditions, that it has to be subject to great changes from place 
to place and from one year to another. It would be impossible to draw up a 
scheme for the sequence of vegetations for any locality in the area which would 
be valid for every year. When we consider the conditions in the year 1932, 
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we have to be aware that another year the discordance with this sequence may 
be considerable. From the gulf of Maine and the coast of northern Europe, 
we have striking examples of changes in the seasonal sequences. The sudden 
appearance of a numerous A sterionella japonica population in the offshore waters 
of the gulf of Maine in 1912 (Bigelow 1926) and along the coast of Norway in 
1927 (Gran 1929), radically changed the composition of the vegetation which 
usually occurs in these waters at this time of the year. Similar changes, al- 
though on a much smaller scale, seem to be regularly occurring in inshore waters 
and are also sometimes noticeable far out from the shore (Gran 1930). 

In the bay of Fundy the sequence of plankton vegetations in 1932 may be 
roughly summarized in the following way. A scanty winter vegetation (type 1) 
was followed by a spring diatom vegetation (type 2) which reached a great 
abundance at very different times in the various localities of the bay. It started 
in the sheltered bay of Passamaquoddy and the Quoddy region (with a simul- 
taneous flowering in a restricted area of the very central part of the bay), while 
in the inner part of the bay the winter plankton prevailed until late in spring. 
After a period of great poverty in phytoplankton at midsummer (June-July), 
during which a scanty mixed diatom-dinoflagellate-Eutreptia-population reached 
some abundance in a few localities only, a summer diatom vegetation (type 3) 
and in some places a summer dinoflagellate vegetation (type 4) of neritic character 
was predominant all over the Fundy region. The composition of the diatom 
vegetation was rather uniform in the bay of Fundy proper, while in Passama- 
quoddy bay a local vegetation with other dominant species was found. 

In the gulf of Maine the sequence proceeded differently. A similar winter 
plankton (1) probably was vegetating through the first part of the winter, but 
as early as in March, the spring diatom vegetation (2) must have been in full 
development in the offshore waters and parts of the inshore region, where it 
became numerous mostly a little later. This immense flowering of diatoms was 
followed by a summer dinoflagellate vegetation in the offshore waters (type 4), 
while in the bays and inshore parts of the gulf, a diatom vegetation (3) was 
abundant tilllateinsummer. The diatom vegetation in summer, may, according 
to Bigelow (1926), occur rather far out in the gulf, but its occurrence seems to be 
capricious. The dinoflagellate vegetation was found all through the summer, 
only in some localities replaced by a scanty coccolithophoride vegetation (5) 
with Pontosphaera Huxleyi ‘predominant. This last type of vegetation was not 
very numerous in either of the summers of 1932 and 1933 (Gran 1933, Braarud 
1934) and was mostly restricted to the warmest water layers. According to the 
observations from the gulf in the said two summers, there seem to exist con- 
siderable variations in the abundance of these two summer vegetation types. 

The seasonal changes in the phytoplankton population which have been 
described from the gulf resemble remarkably those which have been observed 
in northern European waters (Gran 1929, 1930; Ostenfeld 1913). The causes 
of these changes shall be discussed in the following chapter, in which the condi- 
tions of phytoplankton productivity are treated. 

The circulation of the water masses in the bay of Fundy and the gulf of 
Maine makes it difficult to trace the successions of phytoplankton populations 











within restricted water masses. Only in such localities as Passamaquoddy bay 
or in the central part of the gulf, one might be able to study the successions in 
detail, if one had more complete material than the present. Davidson’s (1934) 
observations for the Quoddy region throughout the year for seven and one half 
consecutive years, gave as a result that the following species there are regularly 
found to succeed each other as dominants in the net haul catches: Biddulphia 
aurita, Thalassiosira Nordenskiéldi, Chaetoceros debilis and other species of this 
genus, but there seem to be considerable differences in the details of the succes- 
sions for the various years. Our few observations for the Quoddy region are in 
accordance with Davidson's results. 


REMARKS ON THE SPECIES 


List OF NEW SPECIES AND FORMS 
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For this group we have followed the nomenclature and classification of 
Hustedt (1930). Only in a couple of cases changes have been introduced and 
in each case we have stated our reasons for doing so. 


Amphiprora alata Kiitzing 
A littoral species, recorded from station 11A, September 1931. 


Achnanthes taeniata Grunow 

This species was only observed at the station south of Nova Scotia (N190 
and N197) April 20 to 23, in numbers up to 800 chains per litre. It is a neritic 
species, growing abundantly only in icy waters, as on the coasts of the Arctic 
ocean and—in early spring—in the Baltic. 


Actinocyclus Ehrenbergi Ralfs 
Scarce and scattered over the whole area, observed from June to September 
in numbers up to 40 per litre. 
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Actinoptychus undulatus (Bailey) Ralfs 

Observed from April to September, more often in the bay of Fundy than in 
the gulf of Maine, always scarce, in numbers up to 60 per litre. At station 
190 south of Nova Scotia, April 20, 1932, it was found in a frequency of 200 to 
500 per litre. It is a tychopelagic species with a wide distribution, occurring 
in the plankton mostly in turbulent waters. 


Asterionella gracillima Hassall 
This species, common in fresh water plankton, was found at the surface at 
two stations, 12 and 13, outside the Saint John river in May 1932. 


Asterionella japonica Cleve 

In August, this species had a distinct yearly maximum; it was observed in 
decreasing numbers during September, was scarce in March, April and May, and 
not recorded at all in June. It was more abundant in the bay of Fundy than 
in the gulf of Maine, with its centre of distribution around Grand Manan. 
The highest frequency observed was 45,000 cells per litre at station 6, August 18, 
1932. At this station also in September 1931 it had its maximum, viz., 14,000 
cells per litre. In the gulf of Maine it was more common along the coast than 
in the open gulf. 

Bigelow reports this species to have been quite predominant in August 
1912, from Grand Manan channel across the mouth of Penobscot bay (Bigelow 
1914, p. 133; 1926, p. 431). In 1932 it was always subordinate to other species, 
particularly to Sceletonema costatum, which had its maxima at the same stations 
as Asterionella. In European waters it has its centre of distribution in the 
English channel and the southern North Sea, with a maximum in April. In 
1927 it was found in enormous numbers as far north as the Romsdal coast, 
Norway (Gran 1929), where it in April replaced the rich population of Sceletonema 
costatum, which had been regularly observed in other years. 


Asterionella kariana Grunow 

Some few chains of this arctic-neritic species were found from April to 
September in the bay of Fundy, particularly along the New Brunswick coast 
and at station N190, south of Nova Scotia (in April). Its maximum of fre- 
quency was 500 cells per litre at station 11A, May 19, 1932, and in the Grand 
Manan channel, station 14, September 1932. 


Bacteriosira fragilis Gran 

Like the previous one, this is also an arctic species which was observed in 
April, viz., at two stations south of Nova Scotia, N192 and N194, in numbers 
of 2,400 cells per litre, and in Passamaquoddy bay in a number of 4,000 per litre. 


Biddulphia alternans (Bailey) VanHeurck 
At a couple of stations in the bay of Fundy in September 1931 (6 and 11A), 
this littoral species was observed in the plankton. 


Biddulphia aurita (Lyngbye) Brebisson et Godey 
This is a widely distributed littoral species which usually has a short period 
of growth as a neritic diatom in spring. It was found in the bay of Fundy as 
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well as along the coast of Maine, but most abundantly (up to 6,000 cells per 
litre) at station N190 south of Nova Scotia. Scattered individuals were ob- 
served also at other seasons. 


Biddulphia regia (Schulze) Ostenfeld 

This species, specifically different from B. mobiliensis, with which it has 
been confounded, was observed in small numbers, up to 80 per litre, in September 
1931 and 1932, in the bay of Fundy and Grand Manan channel. Davidson 
(1934) has found it to be rather abundant in the shallow inner part of the bay. 
From this locality it is also reported by Bailey (1915), as B. mobiliensis, to be 
locally abundant in August (Bigelow 1926, p. 433). 

In Europe it is relatively abundant in the shallow waters of the English 
channel and the southern part of the North sea. 


Cerataulina Bergoni H. Peragallo 

From May to September, this neritic species is distributed over the whole 
area, but is always scarce. In Passamaquoddy bay it had a maximum of 
16,000 cells per litre (July 30, 1932), but elsewhere its frequency did not exceed 
5,000 per litre (station 34, August 1932). 


Chaetoceros affinis Lauder, incl. var. Willei (Gran) Hustedt 

This neritic species was found from May to September in the gulf of Maine 
as well as in the bay of Fundy, but asa rule scarce only, rarely in numbers above 
1,000 cells per litre. A maximum was found in June at stations 27 and 28, 
with 16,000 per litre at station 28. In May the highest figure (1,100) was re- 
corded at station 30. In September 1931, it had a slight maximum in the bay 
at station 6, with nearly 1,000 cells per litre. 

On the coasts of northern Europe, Ch. affinis is most common in late summer 
and autumn; it seems to be favoured by relatively high temperatures. 


Chaetoceros atlanticus Cleve 
This oceanic species is rather rare in the area. The maximum of frequency 
observed was 100 cells per litre. 


Chaetoceros borealis Bailey, (including Ch. concavicornis Mangin) 

This is an oceanic species with a pronounced northern distribution. F. 
typica, (Braarud 1935), was observed in a number of 1,000 per litre at station 28, 
in August, but otherwise mostly in numbers of 100 per litre or less. F. concavi- 
cornis, (Braarud 1935), was found to be widely spread, particularly in April 
and May, but always scarce, mostly in numbers up to 1,000 per litre. 


Chaetoceros brevis Schuett 
Observed only on three occasions. At station 30, 300 cells per litre were 
recorded in August. 


Chaetoceros ceratosporus Ostenfeld 
A specimen without resting spores was classified as belonging to this species. 
It was observed at station 32 in May. 
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Chaetoceros cinctus Gran 
In August this species was very abundant at two stations near the coast of 
Maine, stations 30 and 27. Elsewhere it was rare. 


Chaetoceros compressus Lauder 

This species has a very wide distribution and is one of the commonest 
Chaetoceros species in our area. In April it was rather abundant in the arctic 
diatom plankton south of Nova Scotia (stations N192 and N197) with up to 
60,000 cells per litre, and fairly common but not abundant at most stations in 
the gulf of Maine (maximum 46,000 at station 31), more scarce in the bay of 
Fundy. In May it was observed at nearly all stations in the gulf of Maine, 
with maxima at the stations 29 and 31 (up to 36,000 per litre), and in the south- 
eastern part of the bay of Fundy (stations 7, 36 and 37). In June it had formed 
a new maximum at the coastal stations of the gulf of Maine (30, 27 and 28). 
At station 30 it reached a frequency of 214,000 cells per litre. Elsewhere, it was 
rare and observed mostly as resting spores in the deeper layers. In August it 
was still concentrated along the coast of Maine (stations 25A, 27 and 30) with 
a maximum of 60,000 per litre at station 27, but scattered and rare at the other 
stations, where small numbers of resting spores were found (see figure 69). In 
September it was rare in the bay of Fundy, both in 1931 and in 1932. In 
Passamaquoddy bay it is never abundant, according to Davidson’s observations 
(Davidson 1934). We found at the end of July, 2,000 per litre at a depth of 40 
m., probably introduced from the outer Quoddy region. 

It is remarkable that Ch. compressus was found to be abundant in the cold 
water south of Nova Scotia in April, while on the other hand, it had its maximum 
along the coasts of the gulf of Maine in the warmest season. In north European 
waters, its main growth usually takes place after the spring growth of the cold 
water species (Thalassiosira and Ch. debilis) has declined. 


Chaetoceros concavicornis Mangin, see Ch. borealis f concavicornis 


Chaetoceros constrictus Gran 

It is remarkable that this species, which in northern European waters 
occurs most abundantly in April and May, in our area has its annual maximum 
in the warmest season, in August. It seems to have its centre of distribution 
along the coast of the gulf of Maine (stations 27, 30, 32, 33 and 34) and in the 
waters flowing into the bay of Fundy along the Nova Scotian coast (stations 8A 
and 37). At the two last named stations it reached a maximum of about 75,000 
cells per litre. In the gulf of Maine (stations 27 and 30) it had already begun 
to grow in June, with 3,000 to 5,000 cells per litre. It was rather rare in the 
bay of Fundy in September, and had then (1931) a maximum of 2,000 per litre 
at station 6, north-east of Grand Manan, the only station where a rich diatom 
growth was still going on. 


Chaetoceros convolutus Castracane 

This species was found to be widely distributed over the area, particularly 
in April and May, but always in small numbers, usually less than 1,000 cells 
per litre. A maximum of 10,000 per litre was found at station 24A, April 1932. 
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Chaetoceros danicus Cleve 
On two occasions this species was observed in the bay cf Fundy, viz., at 


station 37 in August 1932, and at station 6 in September 1931. It is usually 
found in water of low salinity. 


Chaetoceros debilis Cleve 

This is the commonest of the neritic Chaetoceros species. On the northern 
European coast it is an important member of the diatom populations propagating 
just after the temperature minimum of early spring (March-April) and may be 
quite dominant, when the temperature is about 5 to 6°. Where it is lower, as 
in Skagerack, Thalassiosira Nordenskioeldi usually is the dominant species. 

In our area Ch. debilis is in April and May subordinate to Thalassiosira, 
but where the diatom growth continues till June, as along the coast of Maine 
and in Passamaquoddy bay, Ch. debilis dominates the diatom vegetation after 
the decline of Thalassiosira (Davidson 1934). 

In April 1932, the maximum of Ch. debilis was at station 24A, at the south- 
western corner of our area, with 75,000 cells per litre, while its maximum had 
already passed at the outermost station (26), where remains of its vegetation 
were found in deep water, with nearly 15,000 per litre at a depth of 75 m. 

In May it had nearly disappeared from the south-western part of the 
gulf of Maine (stations 23A to 26), and the maximal frequency was found 
farther in, with 65,000 per litre at station 29 and 80,000 at station 31. In the 
bay of Fundy, the highest figures were 23,000 at station 7 and 27,000 at station 36. 

In June it had increased strongly along the coast of Maine, at our stations 
24A (where it was sinking and forming resting spores), 27, 28, (resting spores) 
and 30. At this last station it reached its highest number, 708,000 cells per litre. 
Also in Passamaquoddy bay it-was the dominant species with more than 150,000 
cells per litre. At all other stations Ch. debilis was in June rather scarce. 

In August it had greatly decreased, even at the coastal stations, where 
a rich diatom plankton still prevailed. At station 23A only 10,000 per litre 
were found, at station 27, 12,000, and at station 30, 8,000. In September 1931 
and 1932 Ch. debilis was rare everywhere in the bay of Fundy. 


Chaetoceros decipiens Cleve 

Of the oceanic Chaetoceros species this is by far the commonest one over the 
whole area and at all seasons, but its frequency is rarely above 1,000 per litre. 
The highest figure recorded was 3,600 at station 30, August 1932. 


Chaetoceros densus Cleve 
This oceanic species was scarce, but was observed in small numbers up to 
700 per litre at some stations in August, quite rarely at other seasons. 


Chaetoceros diadema (Ehrenberg) Gran. Syn. Ch. subsecundus (Grunow) 
Hustedt. 

The name Syndendrium diadema Ehrenberg was based upon the resting 

spores, the stage in its development first known, just as Dicladia mitra Ehr. 

and Chaetoceros didymus Ehr. We find no reason to replace these names by 


newer ones, 
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This neritic species, common also in the Arctic, had its maxima in April 
and May. In April it was more abundant in the gulf of Maine than in the 
bay of Fundy, with a maximum of 40,000 cells per litre at station 31. In May 
it was observed at nearly all stations in numbers up to 10,000 per litre, rather 
more abundantly in the bay of Fundy than in the gulf of Maine. In June it 
was more scarce, but with a local maximum of 16,000 per litre at station 30, 
and in August-September its numbers were decreasing. 


Chaetoceros didymus (Ehrenberg) Cleve 

On the coasts of northern Europe this neritic species has its maxima at 
relatively high temperatures in late summer and autumn. In this area it was 
observed as single chains distributed over the whole area in April, May, August 
and September. It is remarkable that its highest frequency, 2,000 to 4,000 per 
litre, was found in April at two stations south of Nova Scotia, N192 and N197, 
where it lived in cold waters together with Thalassiosira and such arctic species 
as Fragilaria oceanica and Achnanthes taeniata. 


Chaetoceros furcellatus Bailey 

This is an arctic-neritic species, easily recognized by its resting spores. 
In the vegetative state it may have been overlooked. It was common in April 
and particularly in May, but scarce in June, and then mostly as single pairs of 
resting spores, The highest frequency observed was 70,000 per litre in Pas- 
samaquoddy bay in the last days of April. 


Chaetoceros laciniosus Schuett 

At all seasons this species is common over the whole area, but never abund- 
ant. It was more common from April to June than in August and September 
and had maxima of frequency in the inner part of the gulf of Maine, in April 
and May at station 31 (14,000 and 5,000 per litre), and in June at station 30 (13,000 
per litre), where at the same time Ch. cinctus and compressus were abundant. 


Chaetoceros pseudocrinitus Ostenfeld 
Observed only once, at station 24A in June. 


Chaetoceros radicans Schuett. (syn. Ch. scolopendra Cleve 

This was scarce in April, rather common in May with a maximum of 10,000 
per litre at station 31, scarcer in June, but with a maximum of 15,000 at station 
30. In August it was on the whole very scarce, but at one station (14) in the 
Grand Manan channel, 9,000 per litre were recorded. It was rare in the bay 
of Fundy in September. 


Chaetoceros similis Cleve 
This is a widely distributed neritic species, which never has been found to 
be abundant. In our area it was observed only once, viz., at station 30 in June. 


Chaetoceros simplex Ostenfeld (figure 46). 

This little species is as a rule an inhabitant of shallow, more or less closed 
bays, often with brackish water. It had a distinct maximum of up to 800 cells 
per litre in Passamaquoddy bay, from July to September. At other localities 
it was observed as single specimens from June to September. 
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il Chaetoceros socialis Lauder 

e This is a neritic species with a very wide distribution, occurring abundantly 
y on the coasts of northern Europe in early spring. In our area it was observed 
r on only a few occasions in the bay of Fundy in April and May. At station 
t N197, south of Nova Scotia, it was rather abundant at the end of April, at a 


, depth of 40m. Miss Davidson has observed it in Passamaquoddy bay (Davidson 


1934). 
Chaetoceros subtilis Cleve 
t Observed only once, at station 5 in the bay of Fundy, September 1931. 
7 
t Chaetoceros teres Cleve 
r The highest number recorded was 900 cells per litre, in Passamaquoddy 


bay in June, 1932. It was observed rarely in June and August. 





FiGuRE 46. Chaetoceros simplex. 


Corethron hystrix Hensen 
This is an oceanic species with a wide distribution in northern waters. 
It has never been observed as dominating the phytoplankton, as the much 
larger, closely related species, C. Valdiviae, does in the Antarctic. In our material 
| C. hystrix occurred rather regularly in August. It was commonest in the gulf 
of Maine, with a maximum of 300 cells per litre at station 27, and also rather 
common in those parts of the bay of Fundy which were influenced by the gulf 
(station 8A). In September it had decreased in number. It was observed also 
from April to June, but more scattered. At station 31 in the gulf of Maine 
fair numbers (100 to 200 per litre) were observed both in April and in June. 


Coscinodiscus excentricus Ehrenberg 

This was the only representative of its genus regularly observed in the 
centrifuge samples. It was commoner in August-September than earlier in the 
season and had a distinct maximum in the bay of Fundy, particularly around 
Grand Manan, in the Quoddy area and along the coast of New Brunswick. Its 
maximum of frequency, 160 cells per litre, was observed at station 6, September 
1931. It seems to have a distribution similar to Ditylum Brightwelli and is 
certainly a neritic species. 

The larger species C. centralis Ehrenberg, C. concinnus W. Smith and 
C. radiatus Ehrenberg were only occasionally observed in the centrifuge samples, 
one or two specimens in 50 cc. C. curvatulus Grunow was observed rather 
regularly in May, commoner in the deeper layers than at the surface, in numbers 
up to 100 per litre (station 34, 40 m.). At the other seasons it was rare. C. 
stellaris Roper was observed once, and C. cinctus Kuetzing three or four times. 


o- 
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Coscinosira Oestrupi Ostenfeld 

This was observed over the whole area at all seasons, from April to September, 
most abundantly in April (maximum 18,000 per litre at station 31) and May 
(maximum 3,400 at station 5). It was scarce in June, but occurred again 


regularly in August, in numbers up to 700 per litre at some offshore stations in 
the gulf of Maine (17, 23A). 


Coscinosira polychorda Gran 


This occurred at all seasons, mostly in numbers from 200 to 600 per litre, 
most regularly in August. At station 23A, as many as 19,000 per litre were 
recorded on the 11th of August, at a depth of 40 m., and 10,000 at station 28, 
on April 30. On the coasts of northern Europe, it usually has its maximum in 
winter, like Thalassiosira decipiens. 


Dactyliosolen mediterraneus Peragallo 
This was observed once, at station 28, in August. It was, 


as usual, 
infected with the flagellate Solenicola setigera. 


Detonula confervacea Cleve 


This was observed only in June, but was then rather common at some sta- 
tions in the central and outer parts of the bay of Fundy, with a maximum of 
12,960 cells per litre at station 36. 


Ditylum Brightwelli (West) Grunow 

This had its maximum in August-September, but was also observed in 
March and April. It was most abundant around Grand Manan and along the 
New Brunswick coast. At station 6 it had a maximum of 1,420 per litre in 
September 1931 and 1,000 in August 1932. The specimens were all relatively 
small. 


Endictya oceanica Ehrenberg 
Single specimens were observed from April to June. 


Eucampia recta n. sp. 

Cells single or in chains of 2 to 4 cells, straight, thin-walled, with few (4 to 6) 
chromatophores. Processes thin and straight, nearly cylindrical. Diameter 
of the cell (apical axis ) 12-23 yw, length (including the processes) 42-64 y. 

This little species, of which we had rather little material, is distinguished 
from the slender specimens of E. zoodiacus (f. atlantica) by the straight cells 
and the slender and long processes. It was observed only in June, with a 
maximum in the central and outer parts of the bay of Fundy (2,720 per litre). 


Eucampia zoodiacus Ehrenberg 
This neritic species was observed from April to June and rarely in August 
(station 33). It was never abundant; in May it occurred more regularly on the 


coast of the gulf of Maine than elsewhere, with a maximum of 2,000 cells per 
litre at station 29. 


Fragilaria oceanica Cleve 
This arctic-neritic species was observed only in April, rare at all localities 
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except south of Nova Scotia, where it had a maximum of 97,000 cells per litre 
at a depth of 40 m. 


Guinardia flaccida Peragallo 

This large and beautiful diatom occurred only sparsely in our samples, 
from June to September. In September 1931, it had a distinct maximum in 
Passamaquoddy bay, with 460 cells per litre. 


Leptocylindrus danicus Cleve 

This is a neritic species which on northern European coasts may be very 
abundant and even dominant in May and June. In our area it occurred from 
May to September, but was never abundant. The highest figures recorded 
were 3,000 cells per litre at station 30 in June, and 5,000 in Passamaquoddy 
bay in July. 


Leptocylindrus minimus Gran 

This is a very small species with about the same distribution as the preceding 
one. Its maximum of frequency along the coast of Maine was found to be in 
June (8,000 per litre at station 30), and in Passamaquoddy bay in July. 


Melosira sulcata (Ehrenberg) Kuetzing 

This is a tychopelagic species, probably not propagating in the plankton. 
Nevertheless it was found in the centrifuged samples at nearly every station 
at all seasons, more regularly in the bay of Fundy than in the gulf of Maine, 
and commoner in April and May than in the warmer season, in numbers up to 
3,000 to 4,000 cells per litre. 


Navicula distans W. Smith 

This is a littoral species with thick cell walls, occurring regularly in the 
plankton samples over the whole area at all seasons in the same way as Melosira 
sulcata, but less abundantly, with 100 cells per litre as its maximum. It was 
commoner in the bay of Fundy than in the gulf of Maine. 


Navicula VanhOoffeni Gran 
This is an arctic-neritic species. It was observed only in April at station 
N197, south of Nova Scotia. 


Nitzschia closterium W. Smith 

This is a littoral species with a wide distribution, regularly found moving 
in the mucilaginous walls of the littoral algae. It also occurs regularly in the 
plankton and was recorded at nearly every station, and through the whole 
year, always quite scarce. In most cases only up to 100 cells per litre were 
found, at some stations in the bay of Fundy 300 to 400, and on one occasion, in 
Passamaquoddy bay, July 27, about 2,000 per litre. 


Nitzschia delicatissima Cleve 

This widely distributed species may perhaps be regarded as oceanic, al- 
though it is also often abundant in inshore waters. In our samples it occurred 
rather regularly from March to September, but was as a rule scarce. The 
highest figures recorded were in the bay of Fundy in September 1931, at station 6, 
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where it reached a frequency of nearly 10,000 cells per litre. Another maximum 
of about 4,500 per litre, was found in Grand Manan channel in August 1932. 


Nitzschia seriata Cleve 

This occurs under the same conditions as N. delicatissima, often in its com- 
pany. In our area it was found regularly from March to September, on the 
whole commoner than N. delicatissima, in numbers up to 8,000 cells per litre, 
and with a maximal frequency in the inner parts of the gulf of Maine. 


Pleurosigma sp. 

Single cells of Pleurosigma, in most cases P. Normani Ralfs, were found 
at all seasons in numbers up to 100 per litre. All species of this genus are 
littoral, but occur under the same conditions as Navicula distans, as tychopelagic 
members of the plankton, in turbulent waters, mostly near to the coast. 


Porosira glacialis (Grunow) Joergensen 

This is an arctic-neritic species, occurring in the Nordenskioeldi-plankton 
in early spring. Its maxima were found in April in the inner part of the gulf 
of Maine. At station 28 it reached a frequency of 29,000 cells per litre, and at 
the stations 30 and 31, 18,000 and 15,000 per litre. It was less common in the 
bay of Fundy and had decreased in number in May. In June and August it 
was quite rare. 
Rhizosolenia alata Brightwell 

This oceanic species occurred from April to June and was quite scarce, 
in numbers up to 100 per litre. In August it was common in the gulf of Maine, 
except at the stations near the coast, with a maximum of 5,000 to 6,000 per litre 
at stations 26, 28 and 29. About the same numbers were found in the central and 
inner parts of the bay of Fundy. In September it was rare in 1932 and not 
observed in 1931. 


Rhizosolenia fragilissima Bergon 

This is a neritic species observed from April to September over the whole 
area, mostly in small numbers, up to 1,000 per litre, but with a distinct maximum 
in June, particularly at the coastal stations in the gulf of Maine (27 and 30), 
and in the outer part of the bay of Fundy (stations 33, 34 and 8A). Here 
numbers from 5,000 to 8,000 were recorded. 


Rhizosolenia hebetata Bailey, f. semispina (Hensen) Gran 

This species was found regularly from April to June, but was never abundant. 
Its maximum of frequency was 300 per litre (station 31 in April). In August 
and September it was quite scarce. In the tables it has been referred to as 
R. semispina. 


Rhizosolenia setigera Brightwell 
This occurred from April to September over the whole area, but was always 
scarce, 100 cells per litre or less. 


Rhizosolenia imbricata Brightwell, var. Shrubsolei (Cleve) Schroeder 
This oceanic species was found in August and September, over the whole 
area, in numbers up to 1,500 per litre. 
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Rhizosolenia styliformis Brightwell 
Of this large oceanic species, only single specimens were observed in the 
centrifuge samples, from March to August. 


Sceletonema costatum (Greville) Cleve 

This is a boreal-neritic species, which on the European coasts may occur 
abundantly at all seasons, but most regularly in early spring, and then often 
as the dominant species. In our area it has distinctly its maxima in the warmest 
season. It was observed in small numbers, up to 3,000 per litre, in the bay of 
Fundy during April and May, and south of Nova Scotia 20,000 cells per litre 
were found at station N197, on April 23. In June it was still scarce, but with a 
local maximum at the surface at station 25A, close to the coast of Maine. It was 
very abundant, with up to 780,000 cells per litre in Passamaquoddy bay in July. 
In August it occurred over the whole bay of Fundy with a distinct maximum in 
the outer part (stations 6, 7, 14 and 35) in numbers up to 500,000 cells per litre. 
In the gulf of Maine its mass occurrence was limited to the coastal stations (27 
and 30) with maxima of 15,000 to 20,000 cells per litre. In September it had 
on the whole decreased in numbers, only at station 6, inside Grand Manan, still 
about 150,000 per litre were found. 


Streptotheca thamesis Shrubsole 

This species is a characteristic inhabitant of the shallow waters of the 
English channel. In our material it was only observed on three occasions in 
the inner part of the bay of Fundy in September (stations 11A, 12 and 13) 
and once on the coast of Maine in June. 


Thalassiosira bioculata (Grunow) Ostenfeld 

This was observed at many stations in March, April and May, but it was 
always scarce, with numbers less than 400 per litre. It was quite rare in June 
and not observed later in the season. 


Thalassiosira decipiens (Grunow) Joergensen 

Although this species never occurred in great numbers, it was by far the 
commonest of all the diatoms in the area, observed at all seasons (March to 
September) and nearly at every station. It had its maxima in April (12,000 
cells per litre at station 31, and 9,000 at station 34). In May it was more 
frequent at some stations in the bay of Fundy (3,000 to 4,000 per litre at stations 
11A, 12, 13 and 14) than in the gulf of Maine. In June its numbers had de- 
creased slightly, but at the end of July it was relatively abundant (8,000 per 
litre) in Passamaquoddy bay. In August it had a local maximum of 14,000 
per litre at station 23A in the gulf of Maine, but elsewhere it was rather scarce. 
Only at station 6 up to 2,600 per litre were found. In September the situation 
was about the same with a slight maximum of 4,000 at station 6, northeast of 
Grand Manan. 

In European waters Th. decipiens has a similar distribution; it is very 
common, but never abundant. It usually is relatively prominent in the plankton 
in winter and probably has a slow rate of propagation and relatively low light 
requirements. 
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Thalassiosira gravida Cleve 

This is rather common, but abundant only in April, particularly in the 
gulf of Maine, with maxima up to 100,000 cells per litre at stations 28 and 31. 
It was rather abundant also south of Nova Scotia with a maximum of 51,000 


per litre at station N197. Resting spores were observed, but not in any great 
numbers. 


Thalassiosira hyalina (Grunow) Gran 

This distinctly arctic species was found abundantly only south of Nova 
Scotia in April, with a maximum of 55,000 cells per litre at station N197. In 
the gulf of Maine and the bay of Fundy, it was observed only in April, and was 
then rather scarce, in numbers up to 3,400 cells per litre at station 34. 


Thalassiosira Nordenskioeldi Cleve 

This species was dominating the diatom plankton in April and May over the 
whole area except along the New Brunswick coast in the bay of Fundy. In 
April its highest numbers (700,000 per litre and more) were recorded near 
the coasts of the gulf of Maine (stations 24A and 30) and in Passamaquoddy 
bay up to 500,000 per litre were observed at the end of the month. In May 
the numbers had decreased in the gulf of Maine, although it was still the dominant 
species. It had on the other hand increased in the outer part of the bay of 
Fundy, with maxima of 200,000 to 400,000 per litre in Grand Manan channel 
and outside Passamaquoddy bay (station 5). It was the dominant species 
also in the waters south of Nova Scotia in April with a maximum of 180,000 
per litre at station N197. Resting spores were found in great numbers both in 
April and in May. In June the species was scarce; at station 30, where a rich 


Chaetoceros-plankton was growing, Th. Nordenskioeldi occurred still in numbers 
up to 7,000 per litre. 


Thalassiosira sp. 


In August and September small specimens of Thalassiosira-cells with 
quite thin cell walls were observed at the stations in the bay of Fundy, where a 
rich Sceletonema-plankton was growing. Because of the thin cell walls, the 
specimens were difficult to classify; some of them were certainly small specimens 
of Th. Nordenskioeldi. , 

Thalassionema nitzschioides Grunow 

This species was distributed over the whole area from April to September, 
but was never abundant except in Passamaquoddy bay in September of 1932, 
where it occurred with a frequency of 100,000 per litre at the surface. In 
September of 1931, its maximum at the same station was just above 1,000 per 
litre. At most other stations less than 100 per litre were found. 


Thalassiothrix longissima Cleve and Grunow 


This large oceanic species was observed as scarce in April, May and August 


in the gulf of Maine and at station 8A in the waters flowing into the bay of 
Fundy. 
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DINOFLAGELLATES 


The literature on dinoflagellates from the eastern coast of North America 
is confined to a few papers. Calkins (1902) observed members of this group in 
the waters off the Massachusetts coast and Wright (1907) has records of re- 
presentatives for the commonest genera from the waters off the east coast of 
Nova Scotia. Gran (1919) in his quantitative study of the phytoplankton of 
the gulf of St. Lawrence, included the most frequent dinoflagellates. Later 
Martin (1929 a and d) has given records for the species occurring in marine and 
brackish waters off New Jersey, including some new species. 

The knowledge of the dinoflagellates of these waters is, however, still more 
fragmentary than is the case for the European side of the north Atlantic. On 
account of the nature of the present work, the study of the dinoflagellates had 
to be carried out as a sideline as a means of completing the picture of the phyto- 
plankton distribution. Only a few of the species, however, played any important 
role in the production and were subjected to special study. Those which oc- 
curred so frequently that they were found in the centrifuge samples were classified 
and notes on their size and forms were made during the whole work. Larger 
forms which occurred less frequently and were found only in the net hauls, were 
not recorded so regularly, because the net haul samples have not been carefully 
examined for dinoflagellates. Gymnodinia may also to some extent have 
been overlooked, as many of them are not recognizable in preserved samples 
as were these. 


Amphidinium sp. 
Only recorded once at station 27.09,10 m. 


CERATIUM Schrank. 

The members of this genus formed an important part of the phytoplankton 
through the greater part of the year (see page 355). According to their relative 
importance, they may be arranged in the following order: longipes, fusus, buce- 
bhalum and tripos, arcticum and lineatum. Besides these species, Bigelow has 
recorded macroceros as an occasional invader from the Gulf Stream area outside 
the gulf of Maine (Bigelow 1926). 

For the gulf of Maine, Bigelow (l.c.) has given a detailed account of the 
occurrence of the various Ceratium species, based upon net haul material from 
the entire gulf, collected in various years. He found that the Ceratium popula- 
tion as a whole had a seasonal variation, which was very much the same as has 
been recorded from north European waters, viz., with a minimum in spring, 
followed by a gradual increase toward a maximum in late summer or autumn 
(Gran 1915). Bigelow has shown how this variation in the quantity of the 
Ceratium population was accompanied by changes in the relative abundance of 
the various species of which it was constituted. While longipes was the dominant 
form during spring and summer time, éripos gained in importance during late 
summer and replaced longipes as the leading species during autumn and winter. 

Our observations were taken mostly during spring and summer, and accord- 
ingly longipes at most stations was the predominant form. Only in the Septem- 
ber material from the bay of Fundy was longipes relatively scarce. 
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According to our observations tripos may seem less abundant as compared 
with longipes than one should expect from Bigelow’s data and for this reason: 
in our material bucephalum was recorded in about the same abundance as was 
tripos, while Bigelow only records this species for a few odd stations. Judging 
from Bigelow’s illustrations of tripos (Bigelow 1926, figure 114), it is, however, 
likely that he has included bucephalum in tripos. Therefore to tripos in Bigelow's 
study has been unduly attributed a greater relative importance than its abun- 
dance should justify. Otherwise, the seasonal variation in the quantitative 
occurrence of the Ceratia was found to be in accordance with Bigelow’s results. 
All the species, (perhaps with the exception of the rare species C. arcticum) 
had their maxima in the area during the summer. C. longipes reached its high 
numbers in the western part of the gulf as early as in June, but was very abundant 
over a larger area also in August. 

In the bay of Fundy a similar, but somewhat more scanty Ceratium popula- 
tion was found as that in the gulf. The variation in the occurrence of the various 
species was found to be principally the same as in the gulf, only with such modi- 
fications as were to be expected on account of the characteristic conditions of 
phytoplankton production which have been discussed in another place (page 394). 
Thus the high numbers were found at higher levels in the turbid waters of the 
bay of Fundy than in the clearer waters of the gulf. 

Ceratium arcticum (Ehrenberg) Cleve 

The maximal number recorded from any of our samples was 420 cells per 
litre at station 30.23A, 75m. It was always found in water of temperature 
less than 10°C. 

Ceratium bucephalum Cleve 

The maximal number recorded, 2,080 cells per litre, was observed at station 
28.23A, 40 m. It played a much more important role in the production than 
would appear from Bigelow’s investigations (1926) (see above). 

Ceratium fusus Ehrenberg 

Next to longipes, this was commonest of the Ceratia. Maximal number 
recorded: 760 per litre, at station 30.29, 25 m. 

Ceratium lineatum Ehrenberg 

This species was found scattered within the whole area from April to Sep- 
tember 1932. Maximal number: 200 per litre at station 7, 10 m. in September. 
(This species was recorded by Burkholder from Frenchman’s bay in the summer 
of 1930 (Burkholder 1933), but not by Bigelow (1926)). 

Ceratium longipes (Bailey) Gran 

This was the commonest of the Ceratia within the area, and it was found 

in such large quantities that it seems to be the most important of the Ceratium- 


species from a production point of view. Maximal number: 4,260 per litre, at 
station 23A, 40 m. in June. 


Ceratium tripos O. F. Miiller 


The maximal number of this species was recorded for station 26, with 580 
cells per litre in August, at a depth of 25 m. 
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McMurrich (1917) has records of Ceratium furca from two hauls in Pas- 
samaquoddy bay. Since this species has not been noticed in any of the many 
hundred samples from the bay of Fundy and the gulf of Maine, it seems likely 
that he has applied this name to specimens of lineatum, of which he does not 
have any records. The complete absence of furca in our material is striking, 
since this is one of the important components of the Ceratium-plankton on the 
European side of the Atlantic, which otherwise is so much like the plankton 
found in these waters. 


DINOPHYSIS Ehrenberg 

Lebour (1925), Kofoid and Skogsberg (1928) and Schiller (1931) have given 
descriptions of the various known species of this genus. Nevertheless, the 
classification of Dinophysis specimens is often difficult if not impossible on 
account of lack of knowledge of the range of variation in the various species. 


The nomenclature which we have used is that of Kofoid and Skogsberg 
(1928) and Schiller (1931). In the descriptions of the new species, we have not 
given all the details as to the various measurements of the body, since on the 
basis of so few specimens as we have had at our disposal, we would consider it 
erroneous to give such measurements as characteristics of the species. They 
can only be given somewhat correctly, when more material is at hand, showing 
the range of variation in the different characters. The illustrations may pre- 
liminarily furnish the measurements of the specimens used for the description. 

The following species have been listed: acuminata, acuta, arctica ?, longi- 
alata n.sp., norvegica, ovum, robusta n.sp., sphaerica?, 


Dinophysis acuminata Claparéde and Lachmann 

This species is known to vary considerably and Schiller (1931) has charac- 
terized it as ‘eine sehr variable Art, deren Umgrenzung heute noch unklar ist’’. 
Among the forms which we have referred to this species, there are some which 
fall within the range of variation which seems to exist according to the literature. 
Others, however, are different from the illustrations given of acuminata. They 
seem to be connected with the “‘typical’’ aguminata forms through transitional 
forms and we have referred them all to acuminata s.1. 

The specimens which we have referred to acuminata, vary in the shape of 
the body, the form of the anterior cingular lists and, like all the Dinophysis 
species, in the thickness and the structure of the cell wall. The form of the cell 
is egg-shaped, the greatest depth in the middle of the cell, with the posterior 
part of the hypotheca varying from being globular to more or less conical. The 
epitheca has a flattened to concave part on the dorsal side, just below the apex. 
Most of the specimens do not have any uneven contour at the antapex, but the 
very thick-walled specimens have small protuberances and these specimens 
also have lists which are areolated, while most of the specimens do not have 
any conspicuous structure in the lists. 


The length of the left sulcal list is from 0.4 to 0.5 of the length of the body. 
Length of the cell: 33 to 51 u. 


The species occurred at all depths and as far as our observations show, all 
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the year round. The maximal number recorded was 1,100 per litre at a depth i 
of 10 m. in Passamaquoddy bay in September 1932. 


In the course of such a quantitative study as the present one, the observations : 
on the taxonomy of the species had to be merely occasional. We have, however, 
reproduced a few sketches of acuminata specimens from various stations (figure 
47), although our observations do not suffice for a reliable limitation of this 
species. A special survey of the various forms of acuminata and the related 
species would seem very desirable to solve this problem. 
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FIGURE 47. Dinophysis acuminata. a-f, h, and k (31 to 38 w long) from station 30.01C; g and m 
35 and 38 yw long) from station 27.36; iand j (41 wlong) from 27.37; 1 (36 yw long) from 
26.34; n and o (38 yu long) from station N179. 


Dinophysis arctica Mereschkowsky 
This species has been recorded from three stations only, in April and May. 
They were all from water of temperature lower than 10°C. 


Dinophysis acuta Ehrenberg 
Rare in the Quoddy region and the western part of the gulf. 


Dinophysis longi-alata n.sp. 
Body in lateral view more or less egg-shaped with tapering epitheca. Dorsal 
and ventral contours are convex, antapical and evenly rounded. Body deepest 
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in the middle, compressed laterally. Left sulcal list broad and extending so 
far down the body that the end of the lowest rib (R;) in lateral view is further 
parted from apex than is antapex. The anterior cingular list has ribs. The 
left sulcal list may be areolated (theca smooth). Length of the two specimens 
which were observed: 32 and 37y. This species was recorded from station 
N182, 1 m. (April 19, 1932) and station 27.29, 25 m. (May 30, 1932). 


Dinophysis norvegica Claparéde and Lachmann 

The maximal number which was recorded for this species was 1,560 per 
litre at station 25, 10 m. in August. Otherwise the numbers were mostly small, 
but the species was regularly observed within the whole area from April to 
September. 


Dinophysis ovum Schuett 
This species was recorded only from three stations, in April, May and 
September. Maximal number 200 per litre. 





FiGuRE 48. Dinophysis longi-alata. a, b, and c from station 27.29 (37 wu long); d from station 
N82 (32 yu long). 
Dinophysis robusta n.sp. 

Body in lateral view oval; epitheca with conical apical end; the dorsal side 
of the hypotheca more convex than the ventral side, which has an almost straight 
contour down to the lowest rib of the left sulcal list. The anterior cingular 
list has the same width as the posterior list and is broader. The left sulcal list 
broadens posteriorly (R; shorter than R: which is shorter than R;). Its ribs 
are well developed, the lowest (Rs) being slightly bent towards antapex. In 
dorsal view the body is broadly egg-shaped broadening posteriorly, and becomes 
flatter towards the antapical end, which is pointed. The last feature is caused 
by a conspicuous dorsal elevation along the suture. Theca with poroids, of 
different nature according to the thickness of the wall. Cell at least as broad 
as deep. Length of the two specimens observed: 54u, (thin-walled) and 62y 
(thick-walled). Recorded from stations 26.26, 1 m. and 30.01C, 10 m. 


Dinophysis sphaerica Stein 
Recorded only from station 27.09, 1 m. 


Dinophysis sp. 
A. In figure 50 is given a sketch of a Dinophysis of which we have not 
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the year round. The maximal number recorded was 1,100 per litre at a depth 

of 10 m. in Passamaquoddy bay in September 1932. | 
In the course of such a quantitative study as the present one, the observations 

on the taxonomy of the species had to be merely occasional. We have, however, 

reproduced a few sketches of acuminata specimens from various stations (figure 

47), although our observations do not suffice for a reliable limitation of this 

species. A special survey of the various forms of acuminata and the related 

species would seem very desirable to solve this problem. 


NOOO CT 





FIGURE 47. Dinophysis acuminata, a-f,h, and k (31 to 38 yw long) from station 30.01C; g and m 
35 and 38 yw long) from station 27.36; iandj (41 wlong) from 27.37; 1 (36 uw long) from 
26.34; n and o (38 yw long) from station N179. 


Dinophysis arctica Mereschkowsky 
This species has been recorded from three stations only, in April and May. 
They were all from water of temperature lower than 10°C. 


Dinophysis acuta Ehrenberg 
Rare in the Quoddy region and the western part of the gulf. 


Dinophysis longi-alata n.sp. 
Body in lateral view more or less egg-shaped with tapering epitheca. Dorsal 
and ventral contours are convex, antapical and evenly rounded. Body deepest 
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in the middle, compressed laterally. Left sulcal list broad and extending so 
far down the body that the end of the lowest rib (Rs) in lateral view is further 
parted from apex than is antapex. The anterior cingular list has ribs. The 
left sulcal list may be areolated (theca smooth). Length of the two specimens 
which were observed: 32 and 37y. This species was recorded from station 
N182, 1 m. (April 19, 1932) and station 27.29, 25 m. (May 30, 1932). 


Dinophysis norvegica Claparéde and Lachmann 

The maximal number which was recorded for this species was 1,560 per 
litre at station 25, 10 m. in August. Otherwise the numbers were mostly small, 
but the species was regularly observed within the whole area from April to 
September. 


Dinophysis ovum Schuett 
This species was recorded only from three stations, in April, May and 
September. Maximal number 200 per litre. 





FiGuRE 48. Dinophysis longi-alata. a, b, and c from station 27.29 (37 yu long); d from station 
N182 (32 u long). 


Dinophysis robusta n.sp. 

Body in lateral view oval; epitheca with conical apical end; the dorsal side 
of the hypotheca more convex than the ventral side, which has an almost straight 
contour down to the lowest rib of the left sulcal list. The anterior cingular 
list has the same width as the posterior list and is broader. The left sulcal list 
broadens posteriorly (R; shorter than Re: which is shorter than R;). Its ribs 
are well developed, the lowest (R;) being slightly bent towards antapex. In 
dorsal view the body is broadly egg-shaped broadening posteriorly, and becomes 
flatter towards the antapical end, which is pointed. The last feature is caused 
by a conspicuous dorsal elevation along the suture. Theca with poroids, of 
different nature according to the thickness of the wall. Cell at least as broad 
as deep. Length of the two specimens observed: 54y, (thin-walled) and 62u 
(thick-walled). Recorded from stations 26.26, 1 m. and 30.01C, 10 m. 


Dinophysis sphaerica Stein 
Recorded only from station 27.09, 1 m. 
Dinophysis sp. 
A. In figure 50 is given a sketch of a Dinophysis of which we have not 
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sufficient material for classification. The main characteristic which is different 
from those of the species which have been described, is the long first rib of the 
left sulcal list. It exceeds the longitudinal axis of the body. The list itself is 
smooth. The theca is thick-walled and with conspicuous poroids. Length: 
41u. Recorded from station 27.37, 25 m. 

B. The Dinophysis specimen which was found at station 26.34, 1 m. 
(fig. 51) has not been referred to any of the known species. It resembles one of 
Woloszynska’s drawings of D. norvegica forms (Woloszynska 1928, VI, 11); 
but it is otherwise so different from the forms of D. norvegica found in this material 





FiGcuRE 49. Dinophysis robusta, a and b from station 30.01C (54 yu long); c and d from station 
26.26 (62 pw long). 


that we have not found justification for referring it to this species. The main 
characteristics of the specimen are the rather large epitheca which in lateral 
view may be seen above the anterior cingular list and the almost linear contour 
of the ventral side of the body. Lists without conspicuous structure. Length: 
48u. (It is possible that this is a young specimen of D. robusta, but it does not 
have the antapical protuberance like the other specimens of this species). 
Diplopsalis lenticula Bergh 

At several stations in the bay of Fundy this species was recorded in small 
numbers in August. It is possible that some of them actually were specimens 
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of Diplopeltopsis minor, since at the low magnification for counting, and without 
clearing, the distinction between them is difficult. 


Exuviaella baliica Lohmann 

This little dinoflagellate never occurred in very great quantities, but it 
formed a regular part of the phytoplankton of the whole area during the time of 
investigation. In April the highest number (1,000 per litre) was recorded from 
the waters east of Nova Scotia (station N197), while it otherwise was scanty 
over the area. In May there were very few specimens observed at the stations 
on the New Brunswick side of the bay of Fundy, while the species was rather 
abundant at the central and eastern stations (up to 1,000 per litre). In the gulf 
it was common, but not very numerous, In June it was very scanty in the 
bay of Fundy, like the phytoplankton as a whole, but it was fairly numerous at 
the stations just south of Grand Manan and in the section off Penobscot bay, 
where it was recorded in the maximal number for the whole area, viz., 6,600 per 
litre (station 28.29, 1 m.). In August it had its greatest abundance in the outer 





FiGurRE 50. Dinophysis sp. A. From FicurE 51. Dinophysis sp. B. From 
station 27.37 (41 w.long). ° station 26.34 (48 u long) 


part of the bay of Fundy and, as far as our observations indicate, it had a similar 
distribution in September. 

Since this species is so small that it passes through the nets, there are no 
records of it in this area previous to the present work. 


Exuviaella perforata Gran 
This was observed in the gulf of Maine in August, with a maximal 
number of 380 per litre at the surface, station 26. 


Glenodinium sp. 

In most of the material, but especially in spring and early summer, Gleno- 
dinium spp. were frequently observed, usually in small numbers only. Maximal 
number: 1,000 per litre at station 28.36, 10 m. 


Gonyaulax spinifera (Claparéde et Lachmann) Diesing. 

Rare in August and September. 
Gonyaulax tamarensis Lebour 

This was recorded as G. orientalis from the gulf of Maine in August, 1932, 
by Gran (1933). 

In figure 52 are shown some specimens of a Gonyaulax which we have 
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classified as G. tamarensis Lebour. The plate structure is the same, but the 
shape of the cells is partly different and these specimens do not have antapical 
spines as described by Lebour (1925) for G. tamarensis. The variation in 
shape seems to be rather wide and some of the specimens (A) are so much like 
the drawing given by Lebour, that we have not found any reason for separating 
these specimens from G. tamarensis. Lebour describes the antapical spines as 
“very small’’. None of all the specimens which have been observed in the bay 
of Fundy and the gulf of Maine region had any spines. In view of the various 
types of cell form, which this species seems to have, the description should be 
modified a little: 

Cell as long or longer than broad. Epitheca with convex sides. No 
apical horn. Girdle displaced about a girdle width, excavated, with no over- 
hang, no lists. Ventral area with elevated margins, expanding posteriorly. 
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FiGURE 52. Gonyaulax tamarensis. a from station 30.05; bee (36 yu long) from station SW», 
f-j from station 30.01C. 








Hypotheca more or less asymmetrical or as given by Lebour, symmetrical, 
of variable form, from rather conical to pyramidal, in the last case with an 
indentation at the ventral area. Antapical spines observed in the original 
specimens by Lebour, but not in the American specimens. Plate formula 
4’ Oa 6” 6” ’ Ip 1” ”. First apical broad. Theca smooth. Forms cysts. 
G. tamarensis was found practically over the whole area. In spring it was 
observed at one station only in April, and in May mostly in small numbers 
although it was common. In June it was very scarce in the bay of Fundy 
like the phytoplankton as a whole. In August it reached its greatest abundance 
and was then common over the whole area which was studied. Its maximal 
number was recorded in July at station 1C in Passamaquoddy bay (2.800 per 
litre). Generally it was more abundant in the bay of Fundy than in the gulf. 


In September the observations from the Fundy stations show that it was then 
scarce. 
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Gonyaulax triacantha Joergensen 
Rare in August and September. 


Gymnodinium Lohmanni Paulsen 

This species was recorded from the whole area in April, May and June, 
but after that time it was too scarce to be recorded in the centrifuge samples. 
The maximal number, 800 per litre, was found in water from the Quoddy pas- 
sages in May 1932. Otherwise the numbers were small. The seasonal variation 
in abundance of this species is in agreement with what has been described from 
northern European waters (Gran 1915). Here it was found to be most abundant 
in spring and early summer, at the time of the diatom vegetation, while it was 
less abundant at the time when the Ceratium-plankton was prevalent. 


Minuscula bipes (Paulsen) Lebour 

This species is very common and occurs in quite a variety of forms. Most 
of them are easily identified, while others on account of the broader cells and 
shorter antapical spines are rather different from the slender forms which ac- 
company the descriptions by Paulsen (1904) and Lebour (1925). By clearing 
with Javelle water they are, however, easy to identify, as the plates (especially 
the nrst apical) have a characteristic shape. In figure 53 is pictured one of the 
broader forms in ventral view. 


Peridiniopsis rotunda Lebour 

In July 1932, 39,400 cells per litre of this species were recorded at 1 m. in 
Passamaquoddy bay; at 10 m., 4,900 per litre; and in the deeper samples none 
was recorded. Besides this, the species was observed only at two stations, viz., 
28.37 and 30.13, and then in small numbers (Lindemann 1928, Woloszynska 
1928 and Davidson 1934). 


PERIDINIUM Ehrenberg 

(With regard to the number of anterior intercalaries in Peridinium see 
P. americanum, below) 

Of this genus 29 species have been observed in our material. Since only 
very few observations on dinoflagellates had been made before, many of them 
are new for the region. Also some new species have been described. Our 
observations are restricted to a part of the gulf and the Fundy region and most of 
the net hauls have not been thoroughly examined for dinoflagellates. Therefore, 
our data cannot give a reliable picture of the distribution of the larger forms. 
The smaller forms which occur in greater numbers are caught regularly in the 
centrifuge samples. 


Peridinium achromaticum Levander 
This species was observed at two stations in the bay of Fundy in September. 


Peridinium americanum n.sp. 

Cell slightly longer than broad. Epitheca with convex sides ending in a 
more or less pronounced short apical horn. In ventral view the contour of the 
epitheca is uneven. The girdle is excavated, without lists, not displaced. Hy- 
potheca has convex sides. The ventral area has two lists which line a small 
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area which is easily seen without clearing. No antapical spines. Hypotheca Mai 
is slightly dorso-ventrally flattened towards antapex. Theca smooth or punc- P.t 
tured. Length: 43y. mor 

Plate formula: 4 apicals (ortho), 4 anterior intercalaries, 7 precingulars, 190. 
2 antapicals, 5 postcingulars. hov 

The presence of 4 anterior intercalaries has never been observed in any and 
Peridinium before and the diagnosis for the genus only gives 2 to 3 anterior girc 
intercalaries. The plate structure of this species was studied on several in- occ 
dividuals and although the plates sometimes were somewhat difficult to see, the pre 
presence of the four intercalaries seems beyond doubt. Since this plate arrange- wa: 


ment was recorded for all the specimens which were examined, it is not apt to 
be abnormal. Miss Karen Ringdal has kindly given us information on specimens 


DOS 


a 





FicureE 53. Minuscula 
bipes. From | 
station N197 yy 
(36yu wide). S f 
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FiGuRE 54. Peridinium americanum. a from SW2: (35 yw long); b 
from 27.31; c from 27.35 (43 yw long); d-f from 27.36. a 


and c in ventral view; d in dorsal view, b in side view; f, 
the ventral area; e, diagram of plates on the epitheca. 
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of this species from stations west of Ireland, worked during the ‘“‘Michael Sars’”’ 
expedition in 1910. These individuals also had the same plate structure, with 
4 intercalaries on the epitheca. Since the species except for this one character 
seems to agree with the diagnosis for the subgenus Veroperidinium Paulsen 
(1930), we shall preliminarily refer it to this. Thus the genus Peridinium will 
include forms with 2 to 4 anterior intercalaries. 

Occurrence: stations 27.31 1 m., 27.34 25 m., 27.35 1 m., 27.36 10 m. Also 
recorded from the north Atlantic west of Ireland (communication from Miss 
Karen Ringdal). 
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Peridinium breve Paulsen 
At some stations in the bay of Fundy and the central part of the gulf of 


Maine, there occurred in May a globular Peridinium which we have referred to 
P. breve Paulsen. The specimens, of which sketches are found in figure 55, are 
more globular in shape than the illustrations of this species have shown (Paulsen 
1905, Broch 1909, Paulsen 1911, Fauré-Fremiet et Puigandeau 1922). It is, 
however, more flattened than P. quarnerense (Schroeder) Broch (Paulsen 1930), 
and the spines are more distinct. The plate arrangement and the shape of the 
girdle agree with P. breve as it has been described by Lebour (1925). The 
occurrence in water of temperatures 3.84 to 6.84°C., is in agreement with the 
previous records which characterize this species as an arctic-neritic form. Theca 
was punctured. The left spine was separated from the lists (see Lebour 1925). 


FicuRE 56. Peridinium coni- 
coides. Cyst from station 
26.26 (diameter 46 wy). 


FIGURE 55. Peridinium breve. a and b from station 
N246 (43 and 35 w wide); c and d from 
station 27.09 (43 u wide). 


Except for the two records from the gulf in May, all our records of this 


species are for the bay of Fundy and, with one exception only, for the month of 
May. 


Peridinium brevipes Paulsen, including P. varicans Paulsen 

Paulsen (1908 and 1911) has described two species, P. brevipes and varicans 
which are only distinguished by the form of the spines, brevipes having parallel 
ones, and varicans divergent ones. In material from the eastern coast of Green- 
land, the locality from which P. varicans at first was described, one of us found 
that there was not such difference between the specimens that they could be 
recognized as belonging to different species (Braarud 1935). There were such 
variations in the shape of the spines that it seemed evident that the two types 
are only extreme variants of one variable species. We have, therefore, also in 
this material referred both types to P. brevipes. 










This is one of the commonest of the peridineans. It occurred all over the 
area and from April to September, but in small numbers only. 
Peridinium cerasus Paulsen 


This species was commonest in May, but also observed in April, August and 
September. It occurred mostly in numbers of less than 100 cells per litre. 


















Peridinium conicoides Paulsen 


From April to September this species occurred scattered all over the area. 
At station 26.26, 10 m., a cyst-forming specimen was observed. The cyst was 
brown and inclosed in the original cell wall. The diameter of the cyst was 
46u and its wall was about 6y thick. In the net hauls from different stations, 
free floating cysts were observed which had the same colour and size as the 
P. conicoides cyst figured in figure 56 and therefore probably were cysts of this 






















species. 
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Ficure 57. Peridinium conicum f. Asamushi. a from station 26.26 (51 uw long); b andc from 


station 27.35 (56 yu long). 


Peridinium conicum (Gran) Ostenfeld and Schmidt 


This species was observed from only 5 stations in April, May, June and 
September. 

Besides the typical specimens of P. conicum, some individuals were recorded 
which had only two intercalaries on the epitheca. The plates of this species 
are somewhat difficult to distinguish, but in two of the specimens this dorsal 
structure was quite distinct. It has previously been recorded by Abé (1927), 
who calls this atypical form P. conicum (Gran) forma Asamushi Abé. His 
drawing of the cell shows that his specimen is very much like the specimens 
which we have found in the bay of Fundy region. The horns are, however, 
more pointed in our specimens (see figure 57) than in the Japanese ones (Abé 
1927, figure 25A and B). We reproduce the sketches of this atypical form, 
since the shape of the cell is rather different from what is shown in the figures of 
P. conicum given by Paulsen (1908) and Lebour (1925). The form of the an- 
tapical horns seems to be rather variable, as well as the contours of the epi- 
and hypotheca (see the figures given by Paulsen and Lebour l.c.). 
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Peridinium curvipes Ostenfeld 


Like so many of the Peridinium species, this one was commonest in May, 
but it was also observed at a couple of stations in April, always in small numbers. 


Peridjnium denticulatum n. sp. 

This is a very characteristic Peridinium, belonging to the sub-genus Archae- 
peridinium (Joergensen) Lebour (1922). It is of a different type from the other 
species of this sub-genus, which have been recorded from northern Atlantic 
waters, but it is closely related to P. Abéi (Abé) Paulsen (1930) and P. ventricum 
Abé, described by Abé (1927) from Mutsu bay, Japan. These three species 
all have what Abé describes as an ‘‘apical slit-like groove’’, at the ventral end 
of which the apical pore is located. The groove extends from the first apical 
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FIGURE 58. Peridinium denticulatum. From station 27.09 (53 yu long). 


plate over to the third. Otherwise the species are rather different, the two species 
described by Abé being biconical and our species being flattened so the hypotheca 
ends in a plane part, parallel to the plane of the girdle. 

The epitheca is conical with straight to slightly convex sides. The plate 
arrangement is that of an Archaeperidinium, with a slit-like groove which from 
the first apical plate extends to the centre of the third apical plate. The apical 
pore is situated in the ventral end of the groove. The girdle is left-handed, 
displaced about its own width. It is excavated and the narrow lists are sup- 
ported by ribs which are distinctly seen in the ventral and dorsal, as well as in 
apical view. The contour of the hypotheca has straight, only slightly conical 
sides, which abruptly pass into a flat antapical region. A little inside the margin 
of this flat part there is a row of irregular teeth. These cannot be seen in ventral 
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and dorsal view, but only when the cell has a slightly oblique position can they 
be seen in antapical view and then they form a very conspicuous feature in the 
picture of the contour. Breadth of 7 specimens: 56 to 76 uw. Occurrence: 
stations SW, 25 m., N192, 1 and 25 m., N197 1 m., 26.26 25 m., 27.09 25 m., 
27.17 10 m., 27.37 40 m., N260 40 m., N240 10 m. 






Peridinium depressum Bailey 
In the centrifuge samples this species was observed in April, May and Sep- 
tember from various localities, scattered over the whole area. 






Peridinium divergens Ehrenberg 
Scattered over the whole area, from April to September. 


Peridinium excentricum Paulsen 
A Peridinium specimen in a sample from Passamaquoddy bay in August 
was referred to this species. 


Peridinium faeroense see P. trochoideum 


FIGURE 59. Peridinium gracile. 






Peridinium gracile n.sp. 
Among the forms which have the same plate arrangement as P. ovatum, is 
also the specimen which is pictured in figure 59. Although the forms which 
have been identified as P. ovatum have very different cell forms, ranging from 
the large and flattened ones’ of the classical type, found in Lebour’s plate XXVI 
fig. 1 (Lebour 1925) to the more globular ones of the same shape as P. roseum 
Paulsen, it seems at present unjustifiable to refer the present form to this species. 
While there seem to be transitional forms between the classical P. ovatum and the 
roseum-type, there are no records of any intermediate forms between the hitherto 
known forms of P. ovatum and this Peridinium specimen. We have therefore 
found it most reasonable to consider it as a new species, P. gracile. It is possible 
that further records may make it justifiable to refer it to P. ovatum s.1. 
Metaperidinium of the section Humilia, with second intercalary touching 
precingular 4. Epitheca with convex-concave sides, tapering to a conspicuous 
apical horn. The girdle is right-handed, not excavated, supported by spines, 
displaced by once its own width. Ventral area broadening towards the antapical 
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end. Hypotheca with concave sides, ending in two long spines with wings. 
Theca punctured, 56 and 81y broad, without lists. 
Occurrence: station 27.27 40 m. and N246 40 m. 


Peridinium Grani Ostenfeld 

The Peridinium which in figure 60 is shown in ventral view, is a Metaperi- 
dinium with dorsal plate arrangement as in the section Pyriformia. The shape 
of the cell in ventral view, does not agree very well with the drawings of P. Grani, 
but as the form of the spines in this species, according to Peters (1929) is very 
variable, the disagreement is not so great that the specimen should not be re- 
ferred to this species. The length of the cell is only 36u, which is less than 
previously recorded (49 to 994). The present specimen may thus be a young 
or abnormal individual. Theca was reticulated, in accordance with the de- 
scription of P. Grani. 


Peridinium monacanthus Broch 
This species has been observed in arctic waters only. In April and May it 
was recorded at three localities in the bay of Fundy and the gulf. 


FicurE 60. P. FiGuRE 61. Peridinium novascotiense. From station N192 
Grani (see text). ; (33 uw long). Ventral and side view. 


Peridinium novascotiense n. sp. 

This minute species was only recorded from one station, viz. N192, where 
it occurred in the 1 m. sample (April 21, 1932). 

Body egg-shaped. In ventral view symmetric; epitheca with convex sides 
without apical horn. Girdle excavated without lists, slightly left-handed or 
not displaced. Hypotheca of the same form as epitheca, evenly rounded. 
The ventral area narrow, with two elevated lists which are noticeable even 
without clearing. Theca smooth. Plate structure that of an Orthoperidinium 
of the sub-genus Veroperidinium Paulsen (1930). Three anterior intercalaries 
of which la and 2a are small and pentagonal, 3a large and hexagonal and asym- 
metrically arranged. The intercalary 2a touches 3’ and 4’. The apical 
1’ is broad and with a narrow upper part. Length: 28 to 33u. The description 
is based upon only two specimens. 


Peridinium ovatum (Pouchet) Schuett 

P. ovatum in the bay of Fundy—gulf of Maine region, exhibits a variability 
in form similar to what has been recorded from other regions (Braarud 1935). 
The most aberrant shape from the P. ovatum which is given in the descriptions 
(e.g., by Lebour 1925) is the P. roseum-like form. As also observed by Lebour 
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(l.c.) the plate arrangement is, however, in complete agreement with P. ovatum 
and there are in our material intermediate forms which seem to show that even 
the P. roseum-forms are within the range of variation of P. ovatum. None of 
the peridineans which were suspected of being P. rosewm Paulsen had any plate 
arrangement different from that of P. ovatum Schuett, and consequently we 
have referred them all to P. ovatum. 

As most of the observations were made during the quantitative study, we 
are not able to give any statistics of the variations. The most extreme forms 
which were measured, had the following proportion between the length and 
breadth: 46u/45u and 664/974. The dorsal epithecal plates were symmetrically 
arranged in all the specimens which were examined as to the plate arrangement. 

Like brevipes, this species is most frequent in May after the spring diatom 
maximium, but it was also recorded in April from many stations in the gulf and 
in the outer Fundy region. In summer and autumn it seems to have been scarce, 
since it was observed from a couple of localities only, in August and September. 


Peridinium pallidum Ostenfeld 

The few records of this species do not indicate any particular seasonal 
variation in its occurrence. The localities where it was observed are scattered 
over the whole area of investigation. 


Peridinium pellucidum (Bergh) Schuett 
Scattered records from the whole area show that this species was to be 
found from March to September, with a maximal frequency in May. 


Peridinium pentagonum Gran 

A specimen of this Peridinium from station 27.35, 60 m. had a more circular 
contour in apical view than given in Gran’s original drawing (Gran 1902). The 
2a intercalary was also different from what is regularly found in this species, 
as it touched 4” and 5’’.. Length of the cell 504. Otherwise the form was like 
P. pentagonum, so it certainly is only a variant. 

This species was observed once in May, otherwise in September only, in the 
bay of Fundy. 


Peridinium pyriforme Paulsen 
This species was observed at a few stations, in April, May, August and 
September, with the widest, distribution in May. 


Peridinium simplex n.sp. 

Among the smal] Peridinia and Glenodinia which occur in the nannoplankton 
this one is fairly common in the material. We have not been able to clearly 
discern the plate arrangement, but we have observed that it has Peridinium 
plates and belongs to the group Metaperidinium. The girdle is slightly right- 
handed or not displaced, excavated, without distinguishable lists. The ventral 
area is narrow, its antapical termination not observed with certainty. The epi- 
theca has convex sides and no apical horns. Hypotheca has slightly convex 
sides and a flattened antapical part. No antapical spines. Length 26 to 32,. 
It was observed south of Nova Scotia in April and in May at 4 stations in the 
bay of Fundy and at 2 stations in the gulf. 
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Peridinium sub-curvipes Lebour 
One specimen has been referred to this species, viz., from station 27.13, 10 m. 


Peridinium subinerme Paulsen 
The only two records we have of this species are both from the bay of Fundy 
in May. 


Peridinium Steini Joergensen 
Our few records of this species are all from August and September. 


Peridinium Thorianum Paulsen 
At various stations, scattered over the whole area, it was observed in May. 


Peridinium triquetrum (Stein) Meunier 

Stein (1883) referred this species to a separate genus Heterocapsa, but it 
has later been included in the genus Peridinium (Lebour 1925) and erroneously 
given the name P. triqueta. Its proper name ought to be P. triquetrum. 

The records of this species from European waters indicate that it is a neritic 
species which often occurs in great abundance in estuaries (Paulsen 1908, Lebour 


FIGURE 62. Peridinium simplex. From station 27.29 (33 wu wide). 


1925, Marshall and Orr 1927). 

In the Fundy region and the gulf of Maine it was recorded in variable 
quantities from March to September 1932. In August it seemed to have its 
greatest abundance in the bay of Fundy, where it was recorded in numbers up to 
120,000 cells per litre. This is a far greater number than was recorded from the 
gulf, although it also seems to be a regular component of the phytoplankton 
communities of the gulf. 


To judge from the scanty observations for the eastern outskirts of the gulf, 
P. triquetrum is here much scarcer or lacking. 

Whenever the species was found in great abundance, it was in samples 
from the very surface or close to it (1 and 10 m. samples). The distribution in 
August 1932 gives an interesting picture of its occurrence in the whole area. 
In the bay of Fundy, the maximal numbers at each station were to be found at a 
depth of 1 m., only with a couple of exceptions where its maximum was at 10 m. 
In the gulf the maximum at the shore stations was recorded at 1 m., while at the 
offshore stations the maximum was found deeper, at a depth of 10 and 25 m. 
(See figure 41). 

In view of the general conditions for phytoplankton production as discussed 
on page 394, this distribution would indicate that the species had its greatest 
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abundance at each station at the depth where the general conditions of growth 
were most favourable. 

It is difficult on the basis of the material from this region to give any definite 
characteristics of the species in regard to such environmental factors as salinity 
and temperature. Its greater abundance in the Fundy region, and the high 
figure for the station off the Saint John estuary, would indicate that slightly 
brackish water is favourable for this species. Its maximum in August, when 
the temperature of the surface waters of the bay is relatively high, (13 to 14°C.) 
similarly would indicate that it is a temperate species, but it is possible that the 
distribution is due more to indirect effects of these factors on the productivity 
rather than to the direct physiological effect upon the growth and multiplication 
of P. triquetrum. 

Allen has observed the formation of zoospores in pure cultures of this 
species (Lebour 1925). Such spores were observed in a great number of the 
samples containing thecate forms of this species. In the tables no distinction 
is made between the thecate and the naked forms, since it was not always 
possible to be certain that some of the spores did not merely represent cell 
contents of cells which had been damaged by the shaking of the sample. 


Peridinium trochoideum Stein 

In his paper of 1913 Jérgensen remarks that P. faeroense and trochoideum 
may be identical. Lebour (1925), however, records them as separate species. 
As the main character in which the two species should differ, she mentions the 
much narrower first apical in faeroense and its less conspicuous apex. 

In the present material specimens were observed which were easily classified 
as faeroense and trochoideum, but some were also observed which according to 
their form might be classified as non-typical specimens of either. In figure 63 
is shown a specimen of faeroense which much resembles the trochoideum as to 


contour. After clearing, the narrow first apical necessitated its classification as 
a variant of faeroense. 


Since, in counting, such doubtful specimens could not always be cleared, 
the classification of extreme variants of these small Peridinia has been a little 
uncertain. Therefore, we have found it necessary to tréat them jointly. This 
seems the more reasonable since they appear to be so closely related biologically, 
as to seem to belong to oné species. Our material does not give conclusive 
proof that they are identical, but we have no observations which would count 
against the merger of the two species. 

These small brown peridineans were observed in small numbers in the bay 
of Fundy and at the coastal station 25A in May, but in June they were not 
recorded at all. In August they have their greatest distribution and abundance, 
since they were observed at all stations in the bay of Fundy and at station 27, 
28, 29 and 30 in the gulf of Maine, although at these last stations only in small 
numbers. They are by far the most abundant in the bay of Fundy, where at 
station 37 the maximal number, viz., 6,900 per litre, was recorded. In September 


the population in the bay of Fundy was much more scanty than in the previous 
month. 
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Peridinium variegatum Peters 

A very thick-walled Peridinium which had such a dark brown colour that 
it gave the impression of being a cyst, was found at a couple of stations in spring. 
On account of the thickness of the cell wall, it was difficult to see the plate 
arrangement accurately. The form of the cell and other characteristics as the 
shape of the girdle and the presence of a highly refractive ring in the ventral 


sae 


FIGURE 63. Peridinium faeréense. From station 30.07 (35 yu long). 


area, are in accordance with P. variegatum Peters (1929). The classification 
of these specimens as variegatum is further supported by the identification of a 
thin-walled individual of that species in the net haul sample from the same 
station, from which one of the thick-walled specimens was recorded. This 
thin-walled specimen had the typical P. variegatum cell form with a small apical 
horn. The plate arrangement was hard to make out with certainty, but the 
first apical was like that of figure 9b by Peters (1929), a figure which in every 


Ci} \ | C } ; 
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FIGURE 64. Peridinium variegatum. Cyst from station 27.28 (62 uw wide). a in ventral, b in 
side view. 


respect might have been an illustration of this specimen. In the sketch of the 
thick-walled specimen from station 27.28, 40 m., the first apical has been drawn 
as in Orthoperidinium, but as mentioned above, the thickness of the wall made a 
study of the plates difficult. We do not, therefore, hesitate to classify these 
forms as belonging to P. variegatum Peters. Breadth of the cells: 52 to 62u. 
Broad intercalaries. Theca punctured. (Figure 64). 


Prorocentrum micans Ehrenberg 
The specimen from station 26 in the gulf of Maine, had two spines, the large 
tooth-like one on the left valve and a smaller one at the other end of the right 
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valve. In the description of P. micans by Paulsen (1908), Lebour (1925) 
and Schiller (1931), this character is not mentioned. This last spine is found in 
some of Stein’s drawings (Stein 1883) and Fauré-Fremiet (1908) records that the 
species is found as often with the spine as without it. Martin (1929a) for the 
New Jersey coast has observed some specimens with the large tooth on the right 
valve and some without any tooth at all. 





FIGURE 65. Prorocentrum micans. From station 26.26 (51 yu long). 


COCCOLITHOPHORIDES AND OTHER PHYTOFLAGELLATES 


Acanthoica acanthifera Lohmann 

This oceanic species was observed in small numbers in the outer part of the 
bay of Fundy in September, commoner in 1931 than in 1932. Maximum: 280 
per litre at the surface at station 8A, September 1931. 


Calyptrosphaera oblonga Lohmann 
Rare in the bay of Fundy in September. 


Coccolithus pelagicus (Wallich) Schiller 


This species was recorded from the whole area of investigation, from March 
to September, in numbers of 200 per litre or less. 


Lohmannosphaera subclausa n.sp. 

Cells globular, about 10u in diameter, with the coccoliths 124. Coccoliths 
radiating in all directions, each formed as a barrel with an irregularly contoured 
basal plate. Their apical opening is very narrow, like a pore perforating the 
top of a process, situated at the centre of the slightly depressed outer membrane, 
which is nearly circular. Height of the coccoliths about one half of their dia- 
meter. Distinguished from L. paucoscyphos Schiller (1930) by the narrow 
central opening of the coccoliths. 

This very characteristic species occurred rarely in the surface layers at 
offshore stations of the gulf of Maine in August and in the bay of Fundy in 
September. Maximum: 60 cells per litre at station 29, 10 m. 


Pontosphaera Bigelowi n.sp. 
Cells isodiametrical, each covered by 12 pentagonal coccoliths, forming a 
regular pentagon-dodeka-hedron. Coccoliths flat, relatively thick, touching 


each other by the margin, which is slightly prominent at the outside. Colour 
and cilia not seen in the preserved specimens. Diameter 16x. 
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This species was observed in the surface layers at the most oceanic stations 
in the gulf of Maine. Maximum: 680 cells per litre at station 3, 23A, and less 
abundantly in the bay of Fundy. 


Pontosphaera Huxleyi Lohmann 

In April this species was observed at a couple of stations in the gulf, but in 
very small numbers. Through May and June it became commoner over the 
whole area and reached fairly high numbers in the western part of the gulf. 
In August more than 50,000 cells per litre were recorded at stations 7 and 37 
in the bay of Fundy, where it was quite numerous at all stations, but generally 
not quite so abundant as at the gulf stations. The highest number recorded, 
64,800 per litre, was, however, from station 37 in the bay of Fundy in August. 
In September the numbers in the bay were all smaller than 1,000 per litre. 

Gran’s observations (Gran 1933) show that P. Huxleyi was common also 
in the central and outer parts of the gulf in the first days of August 1932, but 
the numbers recorded were all smaller than 40,000 per litre. At the Atlantis 
station 1722, July 16, 1933, in the eastern part of the gulf, there were, however, 
at a depth of 18 m., 308,000 cells per litre (Braarud 1934). 





FicuRE 66. Lohmannosphaera FiGURE 67. Pontosphaera 
subclausa. Diameter 12 yu. Bigelowi. Diameter 16 yw. 


Rhabdosphaera stylifera Lohmann 

This Atlantic species occurred in relative abundance in the bay of Fundy in 
September 1931, particularly in the waters flowing in from the gulf of Maine. 
Its maximum was 1,420 cells per litre at station 10. In 1932 it was rare. 


Syracosphaera pulchra Lohmann 

Rare in the bay of Fundy in September 1931 and 1932. Maximum, 160 
per litre at the surface, station 37, September 1932. 

Some other species of Syracosphaera were observed, but not classified 
because the material was too scarce. 


Dictyocha fibula Ehrenberg 
Observed occasionally. 


Distephanus speculum (Ehrenberg) Haeckel 

According to Gemeinhardt (1930) this is by far the commonest of the 
silicoflagellates, and this has been found to be the case in this area too. It was 
found at all seasons and, except in Passamaquoddy bay, in small numbers only 
less than 500 cells per litre). In late summer it was a little more abundant than 
earlier in the year. 
Passamaquoddy bay seems to be a specially favourable locality for this 
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organism, since here it was recorded in much greater abundance than in the other 
localities. McMurrich (1917) observed D. speculum in the bay and later 
Davidson (1934) has records showing that it usually is very abundant there in 
late summer. On July 30, 1932, we found 35,200 cells per litre at a depth of 
1 m. (station 29.01C), the maximal number for the whole area. In September 
1931, 16,260 cells per litre were recorded from the same locality. 

Since this species has such a wide distribution that it can hardly be called 
neritic, it is an interesting feature of its distribution that it occurs so abundantly 
in coastal waters. Thus Gran (1915) has reported 50,400 cells per litre from the 
Oslo-fjord in October. Burkholder (1933) has observed D. speculum in the 
waters of Frenchman's bay, but he does not give any information as to its 
abundance. 


The biological background for this richness in D. speculum of inshore waters 
is yet obscure. 


a KS 
OL KD 
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FiGURE 68. Distephanus speculum {. varians. From station 30.07. 


At the stations in the outer part of the bay of Fundy (including Passama- 
quoddy bay) some forms of D. speculum were prevailing which we have referred 
to as D. speculum, forma varians n.f. Characteristic for this form is the absence 
of an apical ring, while the basal ring is as in D. speculum (typicus). Some of 
the specimens, like A in figure 68, have one of the windows much larger than the 
others, giving the impression that it might have been formed by the fusion of the 
central window with one of,the outer ones. Other specimens, like B in figure 
68, have three evenly large and three small windows. 

Schulz (1928) has described a fossil form, f. pseudofibula, which has a similar 
lack of an apical ring and 6 windows only. According to the diagnosis of the 
genera Dictyocha and Distephanus (Gemeinhardt 1930), the forms without any 
apical ring ought to be referred to the genus Dictyocha, but their habitus shows 
that they are very closely related to the known forms of D. speculum and 


naturally join them asan extension of the hitherto known range of variation in D. 
speculum. 


Ebria tripartita (Schum.) Lemmermann 


Observed in the bay of Fundy; common in September. Maximal number: 
740 cells per litre. 
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Eutreptia Lanowi Steuer 

In April, May and August this species was found in small numbers, at 
various stations. In June it formed an abundant vegetation in the central 
and outer parts of the bay of Fundy with numbers up to 20,680 cells per litre: 


Stations 32 33 34 of 36 
lm 40 2,560 980 400 3,040 
10 220 220 1,880 920 20,680 
25 400 60 240 See OR 
40 80 a4 20 40 20 


ZOOFLAGELLATES AND CILIATES 


Acanthostomella norvegica (Daday) Joergensen 
Fairly common during the whole season, this species never reached higher 
numbers than 220 cells per litre. 


Bodo marina Braarud (1935) 
This minute flagellate was recorded at various stations, from April to 
September, in numbers of 200 cells per litre or less. 


Codonella sp. 
Observed at station 30.09, 25 and 40 m. 


Codonellopsis tuberculata (Daday) Joergensen 
This species was recorded from three stations in the gulf in August. Maximal 
numbers: 200 cells per litre. 


Corbicula socialis Meunier 
Observed in April south of Nova Scotia. 


Dictyocysta elegans (Ehrenberg) Kofoid and Campbell 
20 cells per litre at station 30.34, 40 m. 


Dictyocysta lepida (Ehrenberg) Kofoid and Campbell 
20 cells per litre at station 30.33, 10 m. 


Didinium parvulum Ringdal. (Ringdal unpub.) 
Recorded from 4 stations in April and May. 


Favella serrata (Mébius) Joergensen 

The distribution of this species seems according to our records to be confined 
to the bay of Fundy, where it was common in August 1932. Maximal number: 
840 cells per litre at station 30.07, 1 m. 


Helicostomella subulata (Ehrenberg) Kofoid and Campbell 
This species was very abundant in August, especially in the outer Fundy 
region. Maximal number: 2,900 cells per litre at station 30.37, 1 m. 


Laboea Lohmann 
This genus had its greatest abundance in spring and early summer, but 
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even then its population in the bay of Fundy and the gulf proper was rather 
scanty, as compared with what has been recorded from north European waters 
(Gran 1915, Féyn 1929). At station 26.26, in April, 580 cells of Laboea were 
recorded at a depth of 10 m., and from the neighbouring station 26.28, 500 cells 
were recorded at the same cruise. Otherwise somewhat high figures for the 
Laboea content were recorded only for the waters off Nova Scotia (stations N197, 
N240, N246 and N248). At a couple of stations in the south-western part of 
the gulf (N259 and N260), there were also quite a few. The maximal number 
for the whole area was recorded for station N197 (see figure 34), viz., 800 cells 
per litre (consisting of L. reticulata only). 





FiGURE 69. Chaetoceros constrictus. Maximum numbers at the stations in August, and the 
depths at which they occurred. 


The commonest speci¢s was conica Lohmann, with maximal number 560 
per litre at station 26.26, 10 m. A little less widely distributed were emergens 
Leegaard, reticulata Leegaard and strobila Lohmann, with maximal numbers 
respectively : 240 (27.27 10 m.), 800 (N197, 1 and 10 m.) and 260 (N248, 1 m.). 
The three species constricta Leegaard, delicatissima Leegaard and vestita Leegaard, 
were observed at only a few stations and in numbers less than 100 cells per litre. 

In the classification of the species we have followed Leegaard (1915). 


Lohmanniella oviformis Leegaard 

This species was common in the centrifuge samples from spring and early 
summer, but very scarce later on. The greatest number observed was 600 
cells per litre. 











Lohmanniella spiralis Leegaard 


Occasionally observed in numbers up to 200 cells per litre. 


Mesodinium rubrum Lohmann 
At station 30.37, 1,100 cells of this species per litre were recorded from 10 m., 
but mostly it is very scarce. Not common. 


Parafavella Kofoid and Campbell 

Although certainly most of the specimens which have been referred to this 
genus are denticulata, the classification of the various specimens has not been so 
careful, but that some other species (or variants, according to Wulff 1929) may 
not have been included too. 

Parafavella specimens were common in the samples from the whole area, 
April to September, but they were not recorded in higher numbers than 200 
cells per litre. 


Ptychocylis obtusa (Brandt) Kofoid and Campbell 

This species is scarce in spring and early summer, a little commoner in 
August, but even then in small numbers only. The maximal number, 600 per 
litre, was observed at station N197 1 m., south of Nova Scotia, outside the gulf 
proper. 


Ptychocylis urnula (Claparéde et Lachmann) Brandt 
In the centrifuge samples from two stations only. 


Salpingella acuminata (Claparéde et Lachmann) Joergensen 
Recorded from a few stations all through the season, in small numbers only . 


Stenosemella Joergensen 

The specimens belonging to this genus have not been assigned to any of 
the species, since we have not found that they fully agree with any of those 
described. It is probable that they may fall within the range of variation of 
S. ventricosa (Claparéde et Lachmann) Joergensen (Kofoid and Campbell 1929). 
In spring they are scarce, but all through summer they are common in the whole 
area and fairly abundant. The Fundy region seems to be richer in these forms 
than the gulf proper, and Passamaquoddy bay particularly seems to be a 
favourable locality. Here 1,200 cells per litre were recorded in July, and 4,100 
per litre in September 1932, the maximal number for the whole area. 


Strombidium sp. 

At a few stations in spring and at station 5 in September, a Strombidium 
form was observed, which was not identical with S. acutum Leegaard (Leegaard 
1915). 

Tintinnopsis spp. 
From April to August, specimens of this genus were observed, but only 


200 or fewer cells per litre. 


Tintinnus sp. 
Recorded once. 
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THE CORRELATION OF THE PHYTOPLANKTON WITH THE PHYSICAL AND 
CHEMICAL CONDITIONS 


THE GULF OF MAINE 

In the gulf of Maine our first observations in spring, from the 29th of April 
to the 2nd of May, show a phytoplankton dominated by Thalassiosira Nor- 
denskioeldi, accompanied by a number of other species in varying quantities 
(Thalassiosira gravida, Porosira glacialis, Chaetoceros debilis, diadema, compressus 
and others). They are the same species as were observed by Bigelow (1926). 
According to his observations, Thalassiosira Nordenskioeldi and its associates 
(Cleve’s ‘‘Sira-plankton’’) initiate the spring growth of diatoms, spreading 
successively from the coasts outwards in the gulf of Maine. We find the same 
species on those coasts of northern Europe where the minimal temperatures of 
the coastal waters are below 4-5°C., propagating to form a rich population just 
after the surface temperature has reached its minimum, when the winter vertical 
circulation (overturn) has come to an end. We found the maximal frequency of 
Thalassiosira Nordenskioeldi to be the same as in the Norwegian waters in spring, 
viz., half a million cells per litre or more. 

We have observations from 5 stations, two of the southern section (26, 
24A); one of the intermediate section, off Penobscot bay (28); and two of the 
northern, off Mount Desert island (30 and 31). At the south-western station 
(26), the growth of diatoms in the surface layers (1-25 m.) had already finished 
on the 2nd of May. Ceratium longipes and bucephalum were found in numbers 
up to 200 per litre, and the diatoms had nearly disappeared. Chaetoceros 
compressus was here more abundant than Thalassiosira, which still was present 
in fair numbers (92,600 per litre) at a depth of 75 m., evidently sinking. 

Although no observations on nitrates and phosphates are available from 
this cruise, it may be concluded from the observations of the following cruise, 
that the surface layers at this station had already been depleted of nitrates and 
phosphates by the consumption of the diatoms, and that the situation charac- 
teristic of summer conditions had begun to prevail. At three of the other 
stations, 24A, 28 and 30, Thalassiosira Nordenskioeldi and its associates were 
still at their maximum, and at station 31 the diatoms were less abundant and 
more mixed. Thalassiosira gravida was here more frequent (104,000) than 
Th. Nordenskioeldi (57,000), and Chaetoceros compressus, debilis and diadema 
occurred in numbers nearly ¢qual to that of Thalassiosira Nordenskioeldi (46,000 
to 24,000). Probably this situation represented a later stage in the diatom 
growth than that of the stations 24A, 28 and 30. 

It is difficult to judge from these observations when the diatoms had begun 
to increase their numbers. According to Bigelow the surface waters of this 
area have their annual temperature minimum about the beginning of March, 
and it may be expected that the increase in diatoms takes its beginning about 
the same time. 

The observations in May were taken four weeks later, from the 27th to the 
3lst of May. We have observations from 10 stations, four in the southern 
section, three in each of the others. At all stations also the oxygen and phosphate 
contents were determined, in the northern section also the nitrate content. 
(See table V). 
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In the southern section, the waters were distinctly stratified, with a marked 
thermocline between 10 and 25 m., or at the innermost station (25A) between 
25 and 40 m. (See sections in figure 5). The temperature of the surface layer 
was about 8°, at the two outer stations (26 and 23A) above 9°, while station 24A 
showed a relative minimum of temperature (7.96 to 7.53°)._ | The heated surface 
layer had nearly the same salinity as the colder layer below (32.30 to 32.40°/ 0), 
except close to shore, at station 25A, where it was as low as 30.91°/ oo at the sur- 
face. The phosphate content was quite low in the surface layer at all stations, 
below 10 mg. P.O; per cu. m., and at station 26 no phosphate could be found 
at all. At the outermost (26) and the innermost station (25A) the phosphate 
content was below 10 mg. even at a depth of 25 m. The oxygen content 
was above that of saturation from the surface down to 25 m. at all stations, 
and at station 26 also at 40 m. 


The diatom plankton had disappeared, leaving only scanty traces, mostly 
resting spores, and the phytoplankton consisted of Ceratia, principally Ceratium 
longipes, and Pontosphaera Huxleyi. The Ceratia were most abundant at station 
23A with 760 per litre of C. longipes at 10 m., and had a minimum of frequency 
of only 60 per litre at the coldest station (24A). Pontosphaera had its maximum 
at station 26, with a frequency of about 5,000 per litre from the surface down to 
a depth of 25 m. 

Here the change from spring to summer conditions, which a month earlier 
had been noticeable only at station 26, had now taken place over the whole 
section, resulting in stratification, depletion of phosphates in the surface layers 
and the replacement of the diatom plankton by Ceratia and Pontosphaera. It 
may be concluded that the rapidly growing diatoms had disappeared, because 
most of the phosphates had been consumed, and that the phosphate and possibly 
the nitrate content had been the limiting factors for the further growth of the 
diatom population, here as at many other localities, as for instance in northern 
European waters. 

In the intermediate section, stations 27 to 29, off Penobscot bay, on the 
30th of May, the development had not gone so far. The temperatures of the 
surface layers were about one degree lower, the increase in temperature (7 to 8°) 
had not yet reached as far down as in the southern section, and the thermocline 
was less marked (see table 'V). Here, too, the intermediate station (28) had 
a temperature about one degree lower at the surface than at the other stations. 
The phosphate content of the surface layers was higher than in the 
southern section, being 5 to 7 mg. at station 29, and at station 28 even 13 to 
16 mg. The surface layer was supersaturated with oxygen down to 10 m. at 
all stations, and at station 29 the oxygen content was very high, the percentage 
of saturation being 117% at 1 m. and 114.5% at 10 m. 


The diatoms had practically disappeared at station 27, were scarce at 
station 28, the commonest species being Chaetoceros laciniosus, Nitzschia seriata 
and Thalassiosira decipiens, but at station 29 the Nordenskioeldi-plankton was 
still fairly abundant in the surface layer (1 to 10 m.). (Thalassiosira Norden- 
skioeldi 85,000 per litre, Chaetoceros debilis 66,000, Ch. compressus 21,0000, Ch. 
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diadema 10,000, Ch. laciniosus 4,400 and Nitzschia seriata 6,700 per litre. 
The Ceratia were scarce (100 per litre of Ceratium longipes at station 27), as 
also Pontosphaera Huxleyi. 


The northern section, off Mount Desert island, stations 30, 17, 31, worked 
on May 27, showed a still earlier stage of development. The temperature of 
the surface layer (1 to 10 m.) was only just above 6°, at the intermediate station 
(17) even a little colder, and the phytoplankton was quite dominated by the 
spring diatoms. At the innermost station (30) the phosphates were low down 
to the 25 m. level, at the outer stations (17 and 31) only down to the 10 m. level 
(table V). Of nitrates which after the winter overturn seem to have been 
present in quantities from 100 to 130 mg. N per cu. m. at the surface, only 17 to 
19 mg. were left at 1 to 10 m. at stations 30 and 31, while the nitrate content 
was higher at station 17 (50 mg. at 1 m., and 38 mg. at 10 m.). 

At station 31 the composition of the phytoplankton was very much the 
same as a month earlier at the same locality, as may be seen from the table 
below. Thalassiosira Nordenskioeldi and Chaetoceros debilis had increased in 
number, while Th. gravida and Porosira glacialis had disappeared or decreased. 

At station 17 and 30 the phytoplankton was not as rich as at station 31, 
as may be seen by a comparison of the maximal numbers of the main species, 
recorded in table VI. 


TABLE VI. Maximal numbers of cells per litre of the main species of diatoms at stations 30, 17 


and 31 
Station 30 Station 17 Station 31 
Tkalassiosira Nordenskioeldt........ 42,900 82,000 196,100 (56,000) 
Thalasstosira gravida............. 60 720 0 (104,000) 
Chaetoceros debilis................ 16,300 17,000 80,400 (24,000) 
Chaetoceros compressus............ 7,400 3,680 35,500 (46,000) 
Chaetoceros diadema.............. 5,400 4,180 8,900 (40,000) 
Chaetoceros laciniosus............. 4,900 2,100 5,000 (13,800) 
Porostra glacialis..............000. 340 540 200 (15,200) 
V/27 V/27 V/27 IV /29 


No wonder that the diatoms were decreasing at station 30, where the 
phosphates and nitrates of the surface layer were nearly exhausted, but it is 
more difficult to explain that the diatoms had not grown better at the inter- 
mediate station (17) with colder water and relatively high content of nitrate 
and phosphate. We met with the same question still more pronounced in the 
section off Penobscot bay, where station 28 with relatively cold water had a 
poor plankton combined with a high phosphate content. The explanation may 
be that at both these localities the surface waters were influenced by waters 
running out from the bay of Fundy, and that the biological conditions were 
more like those of the bay of Fundy than those of the gulf of Maine. In this 
section no Ceratia and no Pontosphaera were observed; there was not yet any 
sign of a change toward the summer conditions. 
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In June the summer situation was established over the whole gulf of 
Maine, with stratified waters and Ceratium-Pontosphaera-plankton at all 
offshore stations, but with a new growth of neritic diatoms along the coast of 
Maine (see table VII). We have observations from the same stations as 
in May, taken from the 28th of June to the Ist of July. Nitrates and phos- 
phates were determined at most of the stations. 

The southern section, off Casco bay, had surface temperatures above 15° 
at the two outer stations, decreasing shorewards to 12.46° at station 25A. The 
thermocline between 10 and 25 m. was very sharp. (At 75 m. the temperature 
was below 5°, and at 40 m. below 6° except at station 24A, where it was 6.10°). 
The salinity was above 32°/o except at the surface at station 23A (31.89°/, 
and at station 25A, where it was 29.18°/o9) at 1 m. and 31.89°/o9 at 10 m. 
The phosphate content of the surface layer was low (3 to 8 mg.), at the 
three inner stations, a little higher (9 to 10 mg.) at station 26. Here the 
cold waters from 25 m. downwards had a very high phosphate content (40 mg. 
and more) and these layers had also a low oxygen tension, only 93.3° of satura- 
tion or less, as a sign that they had been raised from greater depths. 

The phytoplankton at the three outer stations (26, 23A and 24A) consisted 
mainly of Ceratia and Pontosphaera. Ceratium longipes had its maximum at 
station 23A; here as many as 4,260 per litre were found at 40 m., and at the same 
depth 2,080 of C. bucephalum and 680 of C. fusus. C. tripos was more abundant 
at the surface. At station 26 the Ceratia were not found below the thermocline 
and had their maxima at the surface, C. longipes with 360 per litre and C. tripos 
with 280. At station 24A C. longipes and bucephalum were dominant with their 
maxima at 25 m. Pontosphaera Huxleyi had its maximum at station 24A with 
172,000 per litre at a depth of 10 m. At station 23A the maximum (37,000) 
was also at 10 m., just as at station 26 where only 1,340 per litre were recorded. 
At the innermost station (25A) neither Ceratia nor Pontosphaera was found, but 
here diatoms were rather abundant. Sceletonema costatum occurred at the 
surface (1 m.) with a frequency of 166,000 per litre, and only there; Chaetoceros 
debilis occurred at the surface rather scarcely (5,640 per litre), but more abund- 
antly at 40 m., where most of the cells carried resting spores and were evidently 
sinking. Also at station 24A resting spores of Ch. debilis were found, in a number 
of nearly 60,000 per litre, and less frequently, resting spores of Ch. compressus 
(about 7,000 per litre). 

The next section, off Penobscot bay, was worked on the 28th and 29th of 
June and showed similar conditions, but here the diatoms were found also 
farther out from the coast. The temperatures were about 11° at 1 m., 6.9° 
to 8.6° at 10 m. and about 6° at 25 m. (see table VII). The salinity was below 
32°/o 9 at the surface at all stations. The nitrate content was low in the surface 
layer, 19 to 21 mg. N per cu. m. at 1 to 10 m., but high, 105 mg. and more from 
25 m. downwards. At station 29 it increased more evenly downwards, with 
45 mg. at 10 m. and 70 mg. at 25 m. 

The dominant diatoms were Chaetoceros debilis (255,000 per litre at 25 m. 
at station 27, and 214,000 at 25 m. at station 28) and Ch. compressus (102,000 
at station 27, 25 m. and 81,000 at station 28, 10 m.). Both species had a great 
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number of resting spores, not included in these figures. Even at station 29 
the same species were found in numbers of 8,000 to 9,000 cells per litre at the 
surface. Thalassiosira Nordenskioeldi was rather scarce, but occurred from 25 m. 
downwards at stations 27 and 28. Pontosphaera was scarce and the Ceratia, 
represented by C. longipes, with maximal numbers at a depth of 1 m. (at station 
27, 620; at station 28, 640; and at station 29, 820 per litre), while it was not 
observed below 10 m. 

The northern section off Mt. Desert island, worked on the 28th of June, 
showed peculiar conditions. The surface temperature was above 9° at stations 
30 and 31, but one degree lower at the intermediate station, 17. Here both the 
phosphate and nitrate contents were rather high at the surface (17 mg. P.O;, 
106 mg. N per cu. m.) and the oxygen tension was below that of saturation 
(98.4%). 

Near to the coast, at station 30, a very rich diatom plankton had grown up, 
with a maximum at 10 m. (707,000 per litre of Chaetoceros debilis and 213,000 
of Ch. compressus, and many other species in smaller numbers, even Thalassiosira 
Nordenskioeldi with a frequency of 7,100 per litre). At station 17 these species 
were nearly absent, the commonest species being Rhizosolenia fragilissima 
with 4,500 per litre at 25 m., and also at station 31 the diatom plankton was poor, 
and limited to the surface layer from 1 to 10 m. The commonest species was 
Nitzschia seriata with 2,480 cells per litre at a depth of 1 m. Ceratia were 
scarce at station 30, where C. arcticum was found to the number of 100 per litre 
at10m. At station 17 C. longipes had a maximum of 200 per litre at 1 m., and 
at station 31, 380 per litre. Pontosphaera was observed to the number of 2,000 
per litre at the surface at station 31, quite scarce at station 17 and not at all at 
station 30. 


TaBLe VIII. Gulf of Maine, August 1932 


Off Casco bay Off Penobscot bay Off Mt. Desert I. 

Stations 26 23A 224A 25A 29 28 27 31 17 30 
Temperature 

1 m. 19.26 18.45 16.45 16.68 16.75 13.97 12.75 15.83 12.88 11.99 
10 15.20 14.56 11.05 11.79 16.45 11.62 9.13 15.36 12.57 9.50 
25 9.65 8.70 8.71 9.60 11.07 8.57 9.08 9.51 9.59 8.95 
40 7.59 8.57 8.15 8.05 8.41 7.64 8.23 7.96 7.02 8.79 
75 6.09 5.20 6,62 7.06 5.58 6.80 7.37 5.38 5.76 8.56 
Salinity 

1 m. 31.76 31.83 31.98 31.82 32.34 32.52 32.21 32.36 32.56 32.30 
10 32.14 32.27 32.07 31.94 32.34 32.59 32.57 32.36 32.57 32.48 
25 32.63 32.57 32.43 32.27 32.61 32.77 32.59 32.54 32.75 32.59 
40 32.84 32.63 32.59 32.43 32.68 32.97 32.65 32.79 32.94 32.63 
75 32.97 32.72 32.63 32.59 33.31 33.31 32.99 33.13 33.17 32.68 
Oxygen, per cent of saturation 

1 m. 112.6 132.5 106.5 108.4 98.2 106.2 111.9 99.6 103.8 118.2 
10 108.5 112.5 105.2 117.2 100.0 108.7 93.3 102.0 105.3 94.7 
25 106.3 95.4 90.3 93.8 111.2 96.6 93.6 103.6 99.4 92.4 
40 82.7 91.1 85.8 87.1 105.0 86.2 85.5 91.6 87.2 89.2 
75 74.4 83.3 75.8 177.4 74.6 73.9 77.2 80.4 80.5 86.7 
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TABLE VIII—Contnued. Gulf of Maine, August 1932 


Phosphate, mg. P:O; per cu. m. 


1 m. 7 10 8 12 7 10 14 10 10 
10 10 8 34 14 7 12 12 30 
25 17 32 44 25 12 23 34 22 37 
40 39 47 34 21 37 40 35 30 
75 54 48 48 31 35 50 37 42 35 
Chaetoceros compressus, cells per cc. 

1m. re | - 4 4 - _ 61 - - 34 
10 — — 1 30 = - _ - _ 4 
25 - 7 - - _ oO - _ t! _ 
40 2 2! _ _ _ - 1! - t! t 
75 - - - - - t t — t! - 
Rhizosolenia alata, cells per cc. 

1m. 4 3 2 on 1.5 6.1 - 2.0 2.7 3 
10 3.8 5 =k a 3.0 5.5 4 2.0 2.3 2 
25 5.1 2.2 3 _ 3.0 2.2 1.0 2 2.0 .4 
40 6 t 4 A 5.9 t 2a t t 2 
75 6 t - - _ t t - 3 
Ceratium longipes, cells per litre 

1m. - 20 300 240 - 20 200 - — 100 
10 _ 60 20 120 - 20 - 20 40 40 
25 40 300 40 60 120 — 40 20 
40 200 520 20 20 40 100 - 40 40 20 
75 160 580 40 - 1,260 20 60 1,700 440 20 
Ceratium fusus, cells per litre 7 

1m. 100 120 60 20 160 220 100 80 280 — 
10 140 160 180 40 220 580 - 100 520 60 
25 620 - - - 760 120 - 240 _ 60 
40 _ _ - - 520 - - - — - 
75 =~ _ - — — - 20 — - — 


1Resting spores. 


The conditions at station 17, where the phytoplankton was poor in spite of 
a high content of phosphates and nitrates in the surface water, represent a case 
where the occurrence of the nutrient salts cannot have acted as the limiting 
factor for the growth of the phytoplankton. Such cases are rare in the gulf of 
Maine, but commoner in the bay of Fundy. As we have mentioned above, 
this locality is situated just where the waters drifting out of the bay of Fundy 
go; our observations agree with the supposition that the surface waters here 
have their origin in the bay of Fundy. We shall, therefore, postpone the dis- 
cussion of the peculiar life conditions in these waters, till those of the bay of 
Fundy are treated. 

In August the situation was principally unchanged since June, only with 
slight modifications in the relative predominance of the various vegetations, 
although six to seven weeks had passed since the last cruise. The outermost 
stations in each section (26, 29 and 31) had very much the same character. 
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Ceratium longipes (and bucephalum) had nearly disappeared from the surface 
layer, but had accumulated at a depth of 40 and 75 m., at station 29 with numbers 
of 1,260 per litre, and at station 31 with 1,700 per litre (see table VIII). At the 
surface, as the following table shows, it was replaced by C. fusus and tripos, 
which require a higher temperature for their propagation. The table also shows, 
most clearly for C. fusus, that the maximum was found at a depth of about 25 m. 
at the outer stations (this may have been rendered possible by the high degree 


of transparency in the offshore waters of the gulf of Maine at this season, see 
Gran 1933). 


Also Pontosphaera Huxleyi had increased in number, at station 31 to 41,000 
per litre at a depth of 25 m. Rhizosolenia alata, which was very rare in June, 
was found in fair numbers with a maximum of frequency at the outer or inter- 
mediate stations, and more scarce near the shore (see table VIII). 

Characteristic members of this summer vegetation of the offshore waters 
were also Gonyaulax iamarensis and Coscinosira Oestrupi, although they must 
rather be classified as neritic species. 

The distribution of the oxygen clearly shows that the zone of predominant 
photosynthesis was deeper at the offshore stations than near the coast. The 
concentration of phosphates also showed low values in the photosynthetic 
zone and higher ones below it (see table VIII). 

The coastal stations (25A, 27 and 30) were at the same time characterized 
by a rich and varied plankton of neritic diatoms. The species were mostly 
the same ones as those observed in June at the same localities, but the relative 
abundance had changed in correspondence with the increase in temperature. 
Most of them had their maxima ata depth of 1m. Thalassiosira Nordenskioeldi 
had nearly disappeared, and Chaetoceros debilis decreased in number, while 
Ch. compressus had held the ground; the Ch. constrictus and cinctus populations 
had increased at the two northern localities, as also that of Sceletonema costatum. 
The diatom plankton, which according to Bigelow’s observations (Bigelow 
1926) usually keeps on growing at these localities through the whole summer, 
successively changes in character, the cold water species being replaced by 
others which are favoured by higher temperatures. From our observations at 
station 30 in 1932, the following sequence may be representative, with the 
maxima of the various species overlapping each other: 


April May June August 
Thalassiosira Ch. deb- Ch. com- Ch. con- Ch. cinctus 
Porosira glactalis bilts pressus strictus Sceletonema 


Chaetoceros diadema 


Surface temp. 3°C. 6°C. rr. 12°C. 


The intermediate stations of each section (24A, 28 and 17) showed transi- 
tions between the corresponding outer and inner stations in the composition 
of the plankton as well as with regard to the depth of the photosynthetic zone. 

The observations recapitulated above show that in the gulf of Maine the 
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production of phytoplankton is generally limited by the supplies of light and 
of nutrient salts, in 1932 rather of phosphates than of nitrates. The light 
intensity determines the depth of the productive zone. In the offshore waters 
the balance between photosynthesis and respiration for the total population is 
in summer to be found below 25 m., nearer to the coast between 10 and 25 m., 
and at the innermost stations the transparency of the water may be so low that 
respiration dominates over photosynthesis, even at a depth of 10 m. The 
most rapid production certainly takes place in early spring, when the diatoms 
are predominant in relation to all other species, also to the zooplankton. At 
this season respiration must be slow because of the low temperature, and, 
therefore, the light intensity, sufficient to make photosynthesis balance respira- 
tion, may be low. 

When the phosphates (or nitrates) of the illuminated zone have been 
reduced to a minimum, we find that the neritic diatoms can no longer propagate; 
they form resting spores and sink. In the offshore waters of the gulf, getting 
stratified by heating of the surface layers, the phosphates can no longer to any 
considerable extent be supplied from the lower strata by mixing. Nevertheless 
we find in the surface layers an increasing population. The species which grow 
in spite of the low phosphate content, Ceratia, Pontosphaera and Rhizosolenia 
alata, seem to have a slower rate of propagation than the neritic diatoms, and 
consequently must have a slower metabolism and require a lower concentration 
of nutrient salts for their growth. Most of them are, as a contrast to most 
plankton diatoms, motile and may be expected to be able to utilize the nutrient 
salts more completely, by locomotion from a habitat where the supply is 
exhausted. But when the concentration of soluble phosphates is rather con- 
stant during the summer, it may be explained by the metabolism of the zoo- 
plankton in connection with bacteria, which regenerate soluble phosphates 
(and nitrates) from organic compounds. The productivity of these offshore 
waters is, however, not high and the low concentration of the nutrient salts 
must undoubtedly be the limiting factor. . Vertical circulation (as over Georges 
bank) may be sufficient to change the conditions and produce a rich growth of 
Rhizosolenia alata. Likewise a culture experiment (Gran 1933) with offshore 
water from the gulf, with addition of small quantities of nitrate and phosphate, 
gave a remarkable acceleration of the rate of propagation of the same species. 

Along the coast, as at our stations 27 and 30, neritic diatoms grow con- 
tinually through the whole summer, with quantitative fluctuations and with a 
succession of various species. Here it must be supposed that the supply of 
nitrates and phosphates must be quicker, as they must be continuously con- 
sumed by the rich population of diatoms. The most probable explanation may 
be that the tidal movements near the shore give the surface layer sufficient 
admixture of waters from lower levels. We have seen that the productive 
zone is here often less than 10 m. deep, and therefore the movements required 
for a sufficient supply of nutrients from below ought to be moderate. 

Thus, in the gulf of Maine, the production during summer seems to be 
limited by the low phosphate and nitrate contents of the surface layers, and 
this again is caused by the stratification. | Where the stratification is broken 
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as on Georges bank, and near the coast, a richer production is possible also 
during the summer. 

The ever varying conditions in the gulf of Maine are of course more 
complicated than we for the sake of simplicity have represented them to be, 
and we have ourselves observed and described facts which cannot be sufficiently 
explained by our suppositions. But after all, the general changes in the 
growth and decline of the phytoplankton population of the gulf of Maine, 
and its local variation agree with the generally adopted theories, that the 
quantitative variations are governed by the supplies of light and nutrient 
salts (phosphates and nitrates). 


Tue Bay oF FuNDY 

In the bay of Fundy, winter conditions were still prevailing during March. 
The scanty phytoplankton consisted of tychopelagic species and scarce remains 
of the autumn plankton of the preceding year. 

For April we have observations from Passamaquoddy bay and from nine 
stations in the bay of Fundy, from the 15th to the 22nd. In the inner part of 
the bay of Fundy, station 10A and 12, the phytoplankton was still very poor. 
Through the whole water column Melosira sulcata was found, rather evenly 
distributed, as a sign of turbulence. Thalassiosira decipiens, a slowly growing 
species, also in other areas known as a characteristic winter form, was at 
station 10A evenly distributed from top to bottom, in numbers less than 1,000 
per litre, while at station 12 a slight accumulation in the surface layer was 
noticeable, with a frequency of 1,400 per litre. 

Within Passamaquoddy bay and just outside, at station 5, the spring 
growth of diatoms was going on in the surface layer (1 to 10 m.) with Thalas- 
stosira Nordenskioeldi as the dominant species. At station 5, 118,000 cells 
per litre were recorded at a depth of 1 m. Other species, such as Chaetoceros 
debilis, Porosira glacialis and Thalassiosira gravida were quite subordinate and 
occurred in numbers from 2,000 to 4,000 per litre. In the central and outer 
parts of the bay (stations 35, 34 and 32) the spring diatoms were growing too, 
but except for a small area (see Prince observations, page 335) they were 
more evenly distributed at all depths and showed no accumulation near the 
surface, probably as an effect of the turbulence of the water. The temperature 
also was nearly even at al? depths, viz., between 3 and 4°. Also here Thalas- 
siosira Nordenskioeldi was the dominant species with maxima of 11,600 at 
station 35 and 46,000 at stations 34 and 32. Subordinate species were Thalas- 
siosira gravida, Th. decipiens, Porosira glacialis and Chaetoceros diadema. 
They were all evenly distributed at all levels, except Thalassiosira decipiens, 
which showed a tendency to accumulate in deep water. 

For the month of May we have a complete series of stations, with ob- 
servations also on the oxygen, phosphate and nitrate content of the waters, 
made from the 18th to the 24th. 


The highest numbers of diatoms were found in the Quoddy area and in 


Grand Manan channel (stations 5 and 14), where evidently the growth had 
continued since April. (Thalassiosira Nordenskioeldi was still dominant with 
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100,000 to 200,000 cells per litre at station 5 and 120,000 to 464,000 at station 
14. Subordinate components of the plankton were here Chaetoceros debilis, 
Ch. diadema, and as an indication of turbulence, Melosira sulcata.) The 
diatoms were evenly distributed at all depths and the water was supersaturated 
with oxygen from the surface down to a depth of 75 m. The salinity was 
below 32°/o9 down to the 75 m. level at both stations, and the temperatures 
were Jower than anywhere else except along the New Brunswick coast. 


TABLE IX. Bay of Fundy, May 1932 


Depth = Sal. P20; Nitr. N. Thal. cells 
(m.) per cc. 
Station 5, May 19 
theres bngiwccsab mewn 4.62 31.20 17 52 154 
ied eaee dhs ko:5h 6s '6 reckigsouies 4.55 31.24 62 142 
Ree eee ee 4.50 31.29 17 68 106 
Dae ida don aimee ae chats 4.06 31.51 25 98 193 
Eye er ee 3.91 31.56 25 103 
Station 14, May 18 
Bee cura haweev ee ats 4.3 31.55 15 36 164 
Let donwak se aseheas 3.8 31.62 15 96 287 
MS Peeica wna end caeeatns 3.7 31.71 11 98 188 
Me vnsleon sa taicneen 3.6 31.82 21 104 147 
BO cs candesainekbntens 3.4 31.91 21 104 122 


This uniformity of the waters from top to bottom, shown also in table IX, 
is certainly an effect of turbulence. Dr. Watson has found conditions such as 
these to be characteristic for Grand Manan channel, and particularly this 
locality (station 14) at high tide, while at low tide, waters of higher salinity 
are raised to a higher level, covered by a thinner layer of surface water. 


TABLE X. Bay of Fundy, May 19, 1932 


Depth F Sal. P.O; Nitr. N. 02% 
(m.) 
Station 11 
tthe tie ncaa aaa e eS 4.30 31.74 24 118 103 
ih ace nnladiis en deme cl 4.04 31.73 25 116 102 
le re aia tk on waieins 3.99 31.73 118 101 
Spar itcatsaaaeredacennie se 3.97 31.74 106 101 
TDeccccecssecsecversesecs 


aoe eh vine nek s ea as 6.26 28.26 23 118 103 
MT ad bc ck Sica oa Ratan tose aces RS 3.87 31.51 20 118 101 
SCA Serena: via Wity dite e/Pes i 3.70 31.65 20 114 100 
eae oiSeu at Oita oan S 3.71 31.72 25 114 100 
CDe ce ecceeevessesesers 


DEER aw ssw aan eee 6.82 26.15 16 98 104 
Tisch nen san ae aems 3.13 31.87 23 104 99 
Garena ig wana mn Sis . 3.01 31.87 23 122 98 
DE deans eekee heen se 2.83 31.91 25 122 98 


Duke nas sab Dea vevense 2.78 32.12 25 118 97 
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These rich stations may best be compared with the three stations (11, 
12 and 13) along the New Brunswick coast. Here too, the waters were rather 
uniform from top to bottom, as seen from table X, with the only exception 
that the very surface at stations 12 and 13 had a relatively high temperature, 
above 6°, and a low salinity, as an effect of the outflow from the Saint John 
river. 

The phytoplankton was quantitatively very poor, and the nitrate and phos- 
phate content high right up to the surface. Only at station 13, both the nitrate 
and phosphate contents were slightly lower at a depth of 1 m. than deeper down, 
possibly as an effect of the beginning increase in Peridinium triquetrum (500 
per litre) or possibly caused by mixing with fresh water. The waters were 
saturaied with oxygen at all depths, or slightly supersaturated at the surface. 

The diatoms were very scarce. Dominant as to numbers was Melosira 
sulcata, which was equally abundant at all depths, except in the diluted surface 
waters at stations 12 and 13. 


TABLE XI. Bay of Fundy, May 19, 1932 


Melosira sulcata, cells per litre 


Depth Station 11 Station 12 Station 13 
(m. 

Dane aii etek ile chic 1,300 _ 100 
Ds in ‘ 1,860 2,960 3,480 
25 1,370 1,140 460 
40 780 600 2,040 
75 920 


As mentioned before, this species does not belong to the phytoplankton 
proper, but it is often washed out from the shores. When occurring regularly 
as on this occasion, it gives a sure indication of the turbulence of the waters. 
Of true pelagic species small numbers were observed of Thalassiosira Nordens- 
kioeldi, Chaetoceros debilis, compressus and diadema, and Porosira glacialis. 
All of them are characteristic representatives of the spring plankton of diatoms 
of our area, but they were all quite scarce. It can be postulated with certainty 
that the waters running along the New Brunswick coast in the middle of May 
had not yet carried a population of diatoms comparable to the rich growth 
characteristic of most other parts of our area. 


The same can be said of the waters flowing into the bay of Fundy along 
the Nova Scotian coast, represented by our station 8A (table XII). Here the 
oxygen tension was below saturation at all depths, the phosphate and nitrate 
content high, and the diatom plankton still poorer than along the coast of 
New Brunswick. 
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TABLE XII. Bay of Fundy, May 23, 1932 


Depth T. Sal. P.O; Nitr. N. O2, % of sat. 
(m.) 

Station 8A 

LS Are 5.30 32.45 23 108 85.5 

Deco, VA Ode aes 5.10 32.47 23 101 95.5 

Pr hes eke erae ee 5.16 32.50 23 101 94.5 
Wise eek ested 5.09 32.52 23 107 — 

PR eat ekinick tives 5.10 32.52 26 118 94.5 


At the other stations in the central and inner parts of the bay of Fundy, 
the surface waters were more or less stabilized, with a fairly rich diatom plankton 
and with a marked indication of oxygen production at a depth of 1 m., partly 
also at 10 m., and with minimum values for phosphates and nitrates at the 
surface; but from 10 m. downwards the same quantities of Melosira sulcata 
were found as at the stations along the coast of New Brunswick. These layers 
were also still very cold, with temperatures below 4°. The rich plankton of the 
surface at station 6 had the same character as that of the Quoddy area and 
may have floated out from there. 

The rest of the stations in the central and inner parts of the bay of Fundy, 
stations 35, 37 and 9 along the Nova Scotian coast, and stations 7, 36 and 10A 
along the central axis of the bay, were sufficiently like each other to be treated 
together. All of them had the waters well stabilized, with temperatures 
above 6° at the surface (except at station 35, where at 1 m. the temperature was 
5.97°). At all of them the surface water was supersaturated with oxygen and 
had low phosphate and nitrate contents, as an indication of a very active 
photosynthesis and growth of the phytoplankton. 

At the two innermost stations, 9 and 10A, the phosphate content was 
only 4 mg. per cu. m., the lowest value we have observed in the bay of Fundy. 

The phytoplankton was not very rich in quantity, but contained a great 
number of various species, as Thalassiosira Nordenskioeldi, Chaetoceros debilis, 
diadema, compressus and laciniosus in about equal numbers. (See table XIII). 

Resting spores were rather abundant, and the maximum of the vegetation 
was found somewhat below the surface, most often at 10 m. These facts 
indicate that the maximum of abundance and growth had already passed, and 
that the situation at the two inner stations, 9 and 10A, represented a later 
stage in the development than that of the other stations. It may be concluded 
that the whole of this area had been populated by a normal, rich spring growth 
of diatoms, which had reached its maximum one or two weeks before our 
observations were made (21st to 23rd of May). 


TABLE XIII, Bay of Fundy, central and inner part, May 21 to 23, 1932 
Stations 7 35 36 37 10A 9 
Temperature 


es CoN eae wees 6.67 5.97 7.16 7.93 7.58 7.99 
Me thd Cina ew ssernenn 5.80 5.71 5.91 5.47 6.71 6.47 
Siac s cecicn ss 4.47 5.09 4.68 5.18 4.53 5.79 
MO ira: < es ews re ae 4.49 3.98 5.14 4.37 5.51 
REE aed cies mnie e's 4.41 4.87! 3.84 4.93 
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TABLE XIII—continued. Bay of Fundy, central and inner part. 


Stations 7 
Salinity 

OS ree eee 31. 
einai oe ce swe 31. 
25 Whee ick Greece ae 32. 
Be ace iad ear 32. 
te ates ee ere 32. 


Pees oka eae sD 113 
Pg ie stir orb walt ae 99 
25 eS en tae eth eg 96 
40 Pha = Ae avila aie 96 
75 re Se 89 


Phosphate, mg. P.O; per cu. m. 


lm. ae Gia 6 
10 (ks 23 
25 
40 ; 

75 ie. Va 


Nitrate, mg. N. per cu. m. 


ly 19 

Pe Peee ace tre eddoees 25 
ee Ce AR Ooo hae one 115 
40 122 
75 


Dc we can tantey snes 13 
Be Pea ienb ba Sa elnk nine 23 
ee ee ae ee 12 
Dee oa ak a> 7.1 
75 1 


Thalassiosira Nordenskioeldi, cells per cc. 


RM. wbicéae eee 16 
BR eS eatin kid » SOOM in 27 
25 ar mahiie ates atbek belie x 12 
40 ee Ot ca ic Dus, 15 
75 Se De eeG ee ae Scie hil 1 


All diatoms, resting spores included. 


EE A gat 75 
NR eae e Ett y aia ware 93 
PP Daas taceet cele ot 69 
40 Sart oe kieies ; 52 
BO ti ee wi ‘ 11 


Number of cells per cc. 


37 


30.57 
31.96 
32.09 
32.14 
32.27 


107 
103 


99.5 
99 


21 
22 


20 


24 
80 
88 
98 
98 


Number of cells per cc. 


0 


wo ee oO 


Resting spores not included. 


4 
1 
2 
4 


10 


15 
34 


10A 


29.16 
30.93 
32.00 
32.01 


107 

101 
97 
97.5 


24 


104 
74 


— we 


se 


_ 
~ 





May 21 to 23, 1932 
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101. 
101 
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The stations at the mouth of the bay of Fundy (32, 33 and 34) had a 
plankton of a similar character to that farther in, with regard to the species 
present as well as to their numbers. The phytoplankton was more evenly 
distributed at all depths, probably as an effect of turbulence. The physical 
and chemical observations too, indicated a strong turbulence of the waters, 
particularly at station 34. Here the temperature was uniformly low at all 
depths down to 75 m., between 4.38 and 4.41°, the phosphate and nitrate 
contents were high at all depths (24 to 26 mg. P.O; and 114 to 122 mg. N per 
cu. m.). The water was subsaturated with oxygen at all depths, even at the 
surface. At station 33 the surface waters also were thoroughly mixed from 
1 to 40 m., and had the same character as at station 34, while at 75 m. the water 
had the character of the oceanic deep water of the guif of Maine, with a high 
temperature (6°) and salinity (33.77°/o0), low oxygen content (73% of satura- 
tion) and high values for phosphate and nitrate contents (47 and 192 mg.). 
At station 32 the effect of turbulence was slightly less than at the two other 
stations. 

The situation had not changed much in this area since April. We found at 
station 34, on the 22nd of April, the same diatom plankton as in May, dis- 
tributed evenly at all depths, and also low and even temperatures (3.6 to 4°). 
The strong turbulence had evidently during spring kept the diatom growth 
at a moderate level, by preventing the diatoms from accumulating near the 
surface. 

For the month of June we have observations from the same stations as 
for May, taken within a week, from the 20th to the 26th of June. The results 
gave a great surprise. The phosphate and nitrate contents were high from the 
deep layers up to the surface. At most of the stations the phosphate content 
at a depth of 1 m. was 20 mg. PO; per cu. m. or higher, only two stations showing 
lower values (13 mg. at station 6 and 17 mg. at station 7). The nitrate content 
at 1 m. was 33 mg. N per cu. m. at station 36, 50 in Passamaquoddy bay and 
55 at station 8A, but elsewhere it was 60 mg. or higher. In spite of this, the 
phytoplankton was exceedingly poor at most of the stations. Only in Passama- 
quoddy bay a rich diatom plankton was found, consisting of Chaetoceros debilis 
as the predominant species with 151,000 cells per litre at 1m. One might have 
doubted whether the centrifuge method had given an adequate picture of the 
situation, if the results had not been corroborated by the observations on the 
oxygen. Only at one single station (36), were the surface waters slightly 
supersaturated with oxygen, and here also a slight maximum of phytoplankton 
was found. Everywhere else the oxygen values were below saturation, even 
at the surface. 

The stations in the Quoddy area (5 and 14) were the poorest ones of all. 
The total numbers of diatoms were 500 per litre or less, Thalassiosira decipiens 
being the commonest species of al]. Not much richer were the stations along 
the New Brunswick shore (11, 12 and 13). Here too, Thalassiosira decipiens 
was the dominant species, rather evenly distributed at all depths in numbers of 
1,000 to 3,000 per litre. Melosira sulcata was also relatively common, and small 
numbers were observed of Eutreptia Lanowi and Exuviaella baltica. 
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At the stations near the entrance (33, 34, 8A and 35) and in the centre of 
the bay of Fundy (7 and 36), a Ceratium-plankton like that of the gulf of Maine 
had appeared. Ceratium longipes was fairly abundant particularly at station 8A 
(see table XIV). Pontosphaera Huxleyi had a similar distribution. 


Together with these oceanic species, some neritic diatoms occurred, evidently 
introduced from the gulf of Maine, forming a maximum in the moderately 
stabilized waters in the centre of the bay, at station 36, the only locality showing 
supersaturation in oxygen at the surface. The species were: Rhizosolenia 
fragilissima, Nitzschia seriata, Eucampia recta, Detonula confervacea and Lep- 
tocylindrus minimus. The green flagellate Eutreptia Lanowi and the brown 
peridineans Peridinium triquetrum and Exuviaella baltica, were members of 
the same vegetation (table XIV, where as examples the itemized records are 
given for some of them). The surplus in oxygen at station 36 was evidently 
produced mainly by Eutreptia, Detonula and Peridinium triquetrum, while 
Rhizosolenia, Nitzschia, Ceratium longipes and Pontosphaera were dominant 
at the outer stations (33, 34 and 8A). 

At the two innermost stations, 9 and 10A, the phytoplankton was very 
poor. At station 10A about the same species were found as at station 36, 
but in much smaller numbers. The stability of the water layers was low, 
particularly at station 9, and the nitrate and phosphate contents high from 
bottom to surface, although the nitrate content in these shallow waters (63 mg. 
N per cu. m. at station 9 and 73 mg. at station 10A) had not been regenerated 
to reach the high values as for instance at the stations 32 and 34 (105 to 109 
mg. N). 


TaBLe XIV. Bay of Fundy, June 21 to 26, 1932 
Stations 33 34 8A 7 35 36 37 


Temperature 


1 m.. 7.39 7.99 8.02 8.83 7.76 9.46 7.66 
10 6.95 8.42 7.15 7.21 7.38 8.86 7.40 
25 6.42 6.28 6.93 6.47 6.07 6.74 7.21 
40 6.96 6.11 6.88 5.17 6.26 6.23 7.18 
75 6.24 6.28 6.38 5.36 5.97 5.93 7.16 
Salinity 

Lei <cxnss) 31.91 32.56 31.78 31.92 31.98 32.41 
eer 32.57 32.59 32.21 32.32 31.98 32.50 
ee  sees0 32.48 32.57 32.68 31.25 32.32 32.29 32.50 
40 a0 a 32.66 32.70 32.50 32.41 32.65 32.50 
75 . 82.48 32.94 32.99 31.92 32.86 32.75 32.50 
Oxygen, per cent. of saturation 

BR ccs ce 0 SS 97.4 98.3 90.3 96.7 102.0 95.6 
_ Serer. 90.0 93.7 97.1 95.2 100.8 96.7 
25 ' 91.1 89.5 93.0 — 91.0 92.6 94.2 
_ eee 94.4 87.1 93.4 88.3 90.0 89.6 94.2 
oe. . 76.2 87.0 86.4 82.7 84.1 86.4 93.5 











ne 





Stations 33 34 


P,O;, mg. per cu. m. 


Deh hata 25 24 
eee 28 = 
TE oe es 45 45 
My. cinatvlees _ 32 
ee 56 45 


si eens 109 109 
ceeds See 60 
Se ott 109 120 
Sa 182 
Be Asani 190 109 


Rhizosolenia fragilissima, cells per litre 


2. ws =00 60 
ae © gen 280 8,280 
25 ; , 1,460 40 
oe . ees 6,500 160 
75 960 4,840 


Detonula confervacea, cells per litre 


1 m. ; 260 320 
10 280 3,240 
25 960 400 
40 2,940 140 


75 80 1,160 


Eutreptia Lanowi, cells per litre 


1 m. 2,560 980 
10 220 1,880 
25 60 240 
40 20 20 
75 - - 


Ceratium longipes, cells per litre 
DR 0 ~ — 


10 60 760 
25 paeae 60 - 
40 180 - 
75 20 - 


Pontosphaera Huxleyi, cells per litre 


MR rc acd 200 200 
10 ei — 5,400 
ae 640 40 
a ee 3,540 20 
Re seiecats 60 1,820 


8A 


20 
20 
27 
29 
46 


4, 


2, 
1, 


640 
400 
860 
680 
160 


300 
120 
140 
160 

20 


360 
840 


= 
é 


17 
27 
30 
40 
50 


62 
66 
80 
110 
150 


20 
20 


20 


TABLE XIV—Continued. Bay of Fundy, June 21 to 26, 


35 


22 
28 
40 
52 
39 


76 
77 
110 
106 
150 


40 


80 


20 
160 


36 


25 
25 
31 
33 
27 


33 
58 
78 
113 
116 


100 
180 


12,960 
8,560 
6,440 


480 
80 


3,040 
20,680 


20 


80 
80 


40 


240 


1,040 


320 


20 


37 


dl 
36 
32 
32 
32 


480 
440 
160 
280 


580 


640 


640 
640 
760 


100 
920 
200 

40 
120 


240 
80 
40 


As a general result of the June observations it may be concluded with 


certainty that the poor growth of the phytoplankton in the bay of Fundy at 
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this season had not been limited by the lack of nitrates or phosphates in the 
surface layers. 


On the other hand there are indications that the growth of the phyto- 
plankton population had been checked by the strong turbulence of the waters. 
The few localities where a fair growth was observed, viz., Passamaquoddy bay 
and the central parts of the bay of Fundy (station 36), were characterized 
by more stabilized waters than were found elsewhere in the bay of Fundy. 

For the month of August we have observations made at the same stations 
as in June, most of them worked within a week, from August 15 to 21. Only 
two stations, 14 and 15, in Grand Manan channel and just outside, were worked 
a week earlier, on the 8th of August. 

All the stations showed a considerable rise in temperature, and all stations 
in the bay of Fundy except the outermost ones, bordering the gulf of Maine, 
showed at the same time a marked increase in stability. Only at the innermost 
station on the Nova Scotian side (9), the difference in density between the 25 m. 
and the 1 m. samples was very small (0.06) and in the Quoddy area (stations 5 
and 14) the waters were also less stable than elsewhere (difference in density 
between the 25 and the 1 m. samples 0.17 and 0.35, see table XV). Over the 
whole central and inner part of the bay of Fundy, except the Quoddy area and 
at station 9, the surface temperature was above 12°. 

In the Quoddy area, the phytoplankton was poor at station 5, with only 
up to 7,000 diatoms per litre, evenly distributed at all depths, Sceletonema 
costatum being the dominant species. The oxygen content was below that of 
saturation at all depths, and the phosphate and nitrate high. At this locality 
no considerable growth can have taken place during the weeks immediately 
preceding the observations. At station 14 the phytoplankton was rich, with 
a frequency of up to 415,000 diatoms per litre, of which Sceletonema costatum 
and Asterionella japonica were the dominant species. The diatoms were 
evenly distributed at ali depths, but the waters were supersaturated with oxygen 
only at the surface (102.3% of saturation at 1 m., 98.2% at 10 m.), and the 
phosphate and nitrate contents were high at all depths (of phosphates 22 mg. 
P.O; or more, of nitrate 73 mg. or more). A similar accumulation of water 


layers, rich in phytoplankton, was observed at the same locality, on the 18th 
of May. 





TaBLe XV. Differences between the densities at the 25 m. and 1 m. levels (+ means an 
increase, and — a decrease, compared with the previous cruise) 


Stations Cruise 27 Cruise 28 Cruise 30 Cruise 32 














5 0.18 0.14 — 0.17 + 0.29 + 
6 1.30 0.18 — 0.77 + - 

a. 0.77 0.69 —- 1.37 + 0.07 — 
8 0.06 0.25 + 0.44 + 0.07 - 
9 1.21 0.04 — 0.06 + 0.01 — 
10A 2.58 0.23 —- 1.54 + 0.03 —- 
11A 0.02 0.06 + 0.78 + 0.18 — 
12 2.64 0.85 — 1.20 + 0.23 — 
13 4.90 0,06 —- 1.65 + 0.38 — 
14 0.16 0,05 —- 0.35 + 0.31 —- 
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TABLE XV—Continued. Differences between the densities at 25 m. and 1 m. levels 
Stations Cruise 27 Cruise 28 Cruise 30 Cruise 32 


43 1.27 
.83 2.52 
.39 1.84 
16 1.75 
12 2.68 
.03 0.95 
19 1.44 
31 1.38 
62 0.83 
1 
0 
0 
0 


.38 
.57 
18 
.48 
.66 
.36 
.82 
19 
.49 (1-40 m.) 
.28 
.07 
.05 


77 35 
31 24 
.28 .28 
74 .07 


lb+t++t+i+14+4++ 


cooocoorwrrrwWrre & 


48 53 
41 


54 


1.22 0.16 — 
1.25 0.26 — 
0.82 0.31 — 


i+ +++ t¢4+4+4+4+4+4+4++4+ 


ooo 


13 


1C (IV/25) | ii 0.78 + 1.26 0.22 


Along the New Brunswick coast the diatom plankton was poor, with only 
10,000 to 17,000 cells per litre, consisting of the Sceletonema-society, mixed 
with the oceanic species Rhizosolenia alata. Peridinium triquetrum occurred 
abundantly at the surface, with a maximum of 122,000 per litre at station 12, 
and Ceratia were fairly abundant, with a maximum of 500 C. fusus per litre at 
station 13,1 m. Even Pontosphaera Huxleyi was rather common at the surface, 
with a maximum of 42,000 at.station 13, 10 m. At all these three stations the 
water was supersaturated with oxygen at the surface. The phosphate and 
nitrate contents were lower at the surface than in the deeper layers, but not 
very low except at station 11, where the phosphate content was as low as 9 mg. 
and the determination of nitrates gave a negative result (see table XVI below). 


TABLE XVI. Bay of Fundy, August 19 to 21, 1932 


Station 13 Station 12 Station 11 
Phosphate, mg. P.O; per cu. m. 
20 
30 


40 


30 

73 72 75 

82 84 = 
98 82 


It is difficult to explain the low content of nutrients at station 11. It can hardly 


have been caused by the consumption by the phytoplankton present at this 
locality at the time of observation. 











The inflowing waters at station 8A were characterized by a fairly rich diatom 

plankton, consisting of Chaetoceros constrictus, accompanied by smaller numbers 
of Cerataulina Bergoni. Ch. constrictus had many resting spores, and its maximum 
was found at a depth of 40 m., as a sign that the diatoms were already sinking. 
Ceratia, Pontosphaera and Rhizosolenia alata, the oceanic species of the gulf of 
Maine, and also Peridinium triquetrum were present, but not very abundant. 
The surface temperature was rather low, 10.6°, and the phosphate and nitrate 
contents high (20 mg. P,O; and 60 mg. N. per cu. m. at 1 m.) The waters 
were supersaturated with oxygen only at the very surface. The stratification 
was not very marked. 

Nearly the same conditions were found at the two stations farther west, 
33 and 34. Here Chaetoceros constrictus was less abundant, but the oceanic 
species (Ceratia, Pontosphaera and Rhizosolenia) were more numerous. The 
waters were just saturated with oxygen (station 34) or slightly supersaturated 
at depths of 1 and 10 m., and the phosphate and nitrate contents high right up 
to the surface. The surface waters were even less stabilized than at station 8A, 
particularly at station 34. 

The conditions in the central and inner parts of the bay of Fundy, except 
those on the New Brunswick side, already treated above, are shown in table 
XVII. At all stations except station 9, the waters were well stabilized 
with temperatures above 12° at the surface. At station 9 the water must have 
been thoroughly mixed, as the salinity was high even at the surface, the tem- 
perature uniform at all depths (10.12° to 10.48°) and the nitrate and phosphate 
contents uniformly high. The phytoplankton was here much poorer than at 
the other stations. 

At all the other stations the surface waters with temperatures above 11° 
had phosphate contents below 20 mg. and nitrate contents below 60 mg. As 
far as our observations go, the same surface layers were supersaturated with 
oxygen, while the layers below had a deficit in oxygen. Only in the warm 
surface layer, the oxygen production of the phytoplankton had been intensive 
enough to surpass the consumption by respiration, and only here had a heavy 
consumption of nitrates and phosphates taken place. In the table we have 
marked by a line the lower limit of the heated surface layer, characterized by 
temperatures above 11°, supersaturation in oxygen, phosphate contents below 
20 mg. and nitrate contents below 60 mg. Some photosynthesis may also have 
taken place in the waters below this limit, although it had been insufficient to 
make the oxygen content increase above saturation. 

The thickness of this very productive layer was less than 10 m. at the 
inner stations (10A and 37), between 10 and 25 m. at the outer stations, and at 
station 7 it was even more than 25 m. deep. These variations may have been 
caused by differences in the transparency of the water, but it is also possible or 
even probable that winds and currents may have accumulated a thicker surface 
layer at one place (station 7) and brought deep water nearer to the surface at 
other localities. At station 9 the light and warm surface layer may have been 
completely removed by currents. Such hydrographical changes are well known 
from other areas, as for instance from the Oslo fjord (Gran and Gaarder 1918). 
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The distribution of the phytoplankton was somewhat complicated, partly 
because the various species had a different hydrographical origin, and partly 
because the diatoms particularly have a tendency to sink below the level where 
they have been produced. The characteristic societies described on page 346, 
were more or less mixed, but after all with a clear differentiation correlated with 
their hydrographical origin and their biological character, as shown in table XVII. 

(1) The constrictus-society (neritic), introduced from the north-eastern 
part of the gulf of Maine, had its maximum along the eastern side of the bay 
(stations 35 and 37), and was practically limited to the colder layer below the 
thermocline. Chaetoceros constrictus had already formed many resting spores. 

(2) The neritic Sceletonema-society had its maximum on the western side 
and was predominant near Grand Manan (station 6) and at the outer stations 7 
and 35. 

(3) The triquetrum-society (neritic) was more abundant along the eastern 
side (stations 35 and 37) than along the central axis of the bay (stations 7 and 
36). 

(4) The oceanic Ceratium-Pontosphaera-Rhizosolenia-society was more 
evenly distributed over the whole area and most abundant at the outer stations 
7 and 35. 

All societies, except the constrictus-society had a distinct maximum in the 
warm surface layer. 

The general results of the observations in the bay of Fundy in August, 
may be summarized as follows: 

(1) The heating from the surface had made a certain stratification possible ; 
a marked thermocline divided a warm surface layer of more than 11° from the 
colder waters below. : 

(2) A fairly rich production of phytoplankton was limited to this surface 
layer, and only here were the waters supersaturated with oxygen, and had the 
greater part of the phosphates and nitrates been consumed. The consumption 
had not been rapid enough to remove all the nutrient salts from the surface layers. 
At two stations only, 11A and 10A, the nitrates, but not the phosphates had 
completely disappeared from the upper layers. Both these localities were 
situated in the inner part of the bay, where much organic detritus is usually 
suspended in the waters, and the temperature was very high (14.53 and 15.13°). 
Therefore, this extraordinary case may possibly be explained as an effect of 
nitrate reduction by bacteria. It must also be taken into account that the 
determination of nitrate may have given too low values, if organic compounds 
were present in a considerable quantity. 


TABLE XVII. Bay of Fundy, August 17 to 19, 1932 
Stations 7 35 36 37 


Temperature 
12.98 12.93 13.60 
12.40 11.90 10.46 
| 11.86 | 9.77 10.46 
9.15 8.78 i 9.14 
7.44 7.55 9.03 












TABLE XVI1—Continued. Bay of Fundy, August 17 to 19, 1932 













Stations 6 7 35 36 37 10A 9 





Salinity 
















Ccseness | ese 31.78 31.87 32.12 32.34 32.30 32.63 
10 canes CaN 32.07 32.10 32.29 32.63 32.57 32.65 
25 . 82.25 32.18 32.72 32.72 32.63 32.66 32.65 
eee 32.66 32.88 32.95 32.83 32.68 32.65 
75 . 32.63 33.10 





Oxygen, per cent. of saturation 
1 m. . 107.1 ~ 113.7 110.5 123.1 -  - a 





SS i 3 eae 3 
* SP saves | SE ee. aS ~ — 93.3 
25 ae Fs en 96.3 89.7 97.9 _ 93.8 
40 6 


75 86.5 78.6 80.6 74. 89.4 






Phosphate, mg. P.O; per cu. m. 
I g I 






















1 m. ea. coe 9 9 10 11 10 r 33 
10 a 12 9 19 24 27 35 
25 ee ee __i13 26 36 22 34 32 
40 . . 386 35 35 34 37 35 36 
75 . 40 34 43 









Nitrate, mg. N per cu. m. 
















1m. .. 42 30 43 43 = | 0 |" 72 
| ae, 42 46 30 | 63 70 82 
25 82 ae eae 113 72 75 62 
40 98 88 120 140 93 82 82 
75 118 145 125 113 95 











Chaetoceros constrictus, cells per cc. 





1 m. ae ee 8.2 6 — 6 .2 
ee cals 2.8 4.0 6.2 a 75.5 5 a 
er ones. - 1.6 23.9 2.6 26.2 — 7 
BS esse ea 4 2.6 7.9 8 2 1.2 
Beales sk 6 3 7 


Sceleronema costatum, cells per cc. 


















PGR. ss Su eee 527 504 17.1 - 1 
aD: \Vakdvers 491 319 517 57.1 12.6 a 3 
oP Laka s bs ee 59 31 35.6 2.9 3 1 
RO 4 34 16 2.5 _ 1 

feeie ye ) 1 é 


Rhizosolenia alata, cells per litre. 





eer 340 2,840 1,240 2,700 800 180 
a: . aeveeee 200 4,020 2,120 1,600 1,300 3,080 280 
rer 560 1,840 880 280 880 1,020 100 
errr = 440 440 40 520 260 


Ce cog 60 






ra hiebae 560 


20 
iD a avoneee 80 380 200 100 100 160 20 
Pern 20 300 40 _ 180 - 20 

60 











TABLE XViI—Continued. Bay of Fundy, August 17 to 18, 1932 













Stations 6 7 35 10A 





Peridinium triquetrum, cells per cc. 










ee 17 






ee - 42 22 26 26 14 6 
Seer _ 51 4 1 dl 6 3 
Mere Gist vx _ 1 - - 5 2 







a @ieeea we = - = 





(3) Where no warm surface layer was differentiated, and the waters were 
not stratified, the phytoplankton was poor, except at station 14, in the Grand 
Manan channel, where a rich diatom plankton was found evenly distributed 
from surface to bottom. But as here the oxygen tension was below that of 
saturation, everywhere except at the 1 m. level, and the nitrate and phosphate 
contents were evenly high, it may be supposed that the diatoms had not pro- 
pagated at the depths where they were found. According to Watson's obser- 
vations, it is a regular phenomenon in this locality, that a thick layer with the 
character of surface water is accumulated by high tide, while the conditions 
at low tide are different (Watson unpub.). A sufficient explanation of these 
special facts can not be given from the observations available. 














This extraordinary case does not, however, disprove the general conclusion 
that in August the stabilization of the surface waters had conditioned a summer 
maximum in the phytoplankton of the bay of Fundy. 






For the month of September we have observations taken at 10 stations 
in the bay of Fundy, most of them from the 14th to the 16th; only two, viz., 
for station 5 and 14 are from September 26. 






Since August the phytoplankton had strongly decreased in quantity, but 
its composition with regard to species was not much changed. The temperature 
of the surface layers had decreased, and the salinity was high, at most stations 
above 32.5°/o9. No marked thermocline was found, and the stability had 
decreased everywhere where the waters in August had been stratified (see table 
XV). The surface waters were saturated with oxygen only at station 7, 
and at the stations 9, 10A and 37, the percentage of saturation at the surface 
was even below 87%. At the three innermost stations, 9, 10OA and 114A the 
temperature and salinity were nearly uniform from top to bottom, as an in- 
dication that the waters had been thoroughly mixed. At the same stations, 
the phosphate and nitrate contents were high even at the surface, viz., 33 to 
35 mg. P,O; and 102 to 103 mg. N per cu. m., corresponding to the ‘“‘normal’”’ 
maximal content of the surface waters of the bay of Fundy. At the stations 
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waters down to 40 m. or less, were still below the normal value, and lowest at 
the outermost stations, 7 and 35 (see table XVIII, where are combined the 
observations from the same stations as those represented in the table for 
August). 


The phytoplankton showed a general tendency towards an even distribution 
at all depths, evidently as an effect of vertical mixing. Of the societies re- 
presented in August, the constrictus-society had disappeared, but the others 
were still represented by the same species as in August. Only Rhizosolenia alata 
had decreased in number to such an extent that only single specimens were 
observed. Sceletonema costatum, which in August had its maximum of frequency 
at station 7, with 527,000 cells per litre, had in September its maximum at the 
same station, with only 7,000 to 9,000 cells per litre. The Ceratia also had 
their maxima at station 7, with 160 per litre of each of the two species C. tripos 
and C. fusus. Pontosphaera Huxleyi was observed in numbers up to 860 per 
litre, most abundantly at stations 7 and 35. Peridinium triquetrum occurred 
with maxima from 2,000 to 5,000 per litre, most abundantly at stations 7, 
36 and 37. 

The general decrease in the phytoplankton of the bay of Fundy from August 
to September cannot have been caused only by the decrease in sunlight, following 
the seasonal change. In northern Europe even in October and November 
a rich phytoplankton has been found growing at higher latitudes, in Skagerack 
at a latitude 10° higher than that of the bay of Fundy. The content of phos- 
phates and nitrates of the surface waters had at the same time rather increased 
than decreased and seemed to be present in sufficient quantities for a good 
growth. We can find no other explanation of the decrease in phytoplankton, 
than that the stability which had been established in August by the high tem- 
perature of the surface water, had been diminished in September by cooling 
from the surface and by the influence of the currents, with the result that, as in 
June, the phytoplankton was prevented from accumulating in the surface 
layers, where the light might still be sufficient for its growth and photosynthesis. 

The observations made in September 1931, gave a similar picture of the 
situation. The decrease in phytoplankton had that year not gone quite so 
far. The Sceletonema-Asterionella population was in September 1931 at station 
6 still fairly rich, not only in the beginning of the month, on the 11th, but also 
on the 22nd. At the Nova Scotian side, the waters influenced from the gulf of 
Maine contained a fairly rich growth of Peridinium triquetrum, Gonyaulax 
tamarensis and of Ceratia, principally of Ceratium bucephalum and in the be- 
ginning of the month there was a considerable inflow of visitors from the ocean, 
such as Rhabdosphaera stylifera and other southern coccolithophorides. Such 
variations from year to year may always be expected, and as a whole these 
observations corroborate the general conclusions we have drawn from the 
observations made in 1932. 


situated farther out in the bay, the phosphate and nitrate contents of the surface 















TABLE XVIII. Bay of Fundy, September 14 to 16, 1932 


Stations 7 35 36 37 10A 


Temperature 


. 9S 10.82 10. 

10 ns erga 6 3 10. 9. 
25 Be, oi a : 10.90 9.38 
8.92 9.3: 
8. 9.2: 


Salinity 

i m.. Fe Ke 32.56 

10 rey at 32. 

a eS 
32. 
32. 


10 
25 


Phosphate, mg. P.O; per cu. m. 


EEO 61058 56 ais iaia ciate 13 
10 ; “a 18 
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22 
34 


Nitrate, mg. N per cu. m. 


10 
25 


Sceletonema costatum, cells per cc. 


7 
6 
9 
6 
3 


Peridinium triquetrum, cells per litre 
3,620 
AOS Se eee ee 3,620 
25. ee 2,740 
SE Re areea tins 5 hat, 360 
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GENERAL DISCUSSION OF THE CONDITIONS OF PRODUCTION 


The study of the phytoplankton conditions in the bay of Fundy and the 
gulf of Maine in relation to the physical and chemical factors naturally leads to 
the consideration of the following two problems: (1) how is the growth of 
the phytoplankton and the general productivity of our area influenced by the 
distribution of the nutrient salts, principally the phosphates and the nitrates; 
and (2) how does the extraordinary turbulence conditions in the bay of Fundy 
influence the productivity, directly by carrying the productive population down- 
wards from the surface to levels where photosynthesis and propagation are 
retarded or stopped, and indirectly by carrying nutrient salts from the deeper 
layers up to the illuminated zone? Therefore, we shall consider these problems 
at some length. ; 

It is difficult to measure directly the rate of growth of the phytoplankton. 
No method in use gives accurate determinations of the quantitative occurrence 
of all species, and even if this were possible, the various species living together 
in the same population are so different in size and in their rate of growth and 
metabolism, that it is impossible to estimate how much each takes part in the 
total production. Our method allows us to determine within rather wide limits 
of accuracy the occurrence of the dominant species, and fortunately the fluctua- 
tions are so large that even rough methods can give a characteristic picture of 
them. But these quantitative measurements cannot be used to determine 
the total quantity of plant substance present or the production of the phyto- 
plankton under given conditions. 

The production of organic matter yielded by the phytoplankton can also 
be estimated by the quantity of oxygen liberated by its photosynthesis or by 
the quantities of phosphates and nitrates consumed by its assimilation. Where 
the waters are supersaturated in oxygen, the surplus of oxygen must have 
been produced by photosynthesis except that, particularly in_ spring, 
saturated surface waters may be supersaturated by heating. As a rule, 
however, supersaturation gives a certain indication that a rich phytoplank- 
ton is or has recently been present and that the photosynthesis of the phyto- 
plankton has been predominant over the respiration of the total population of 
plankton and bacteria. We have seen that supersaturation is only found in the 
illuminated zone, and that the lower limit of the supersaturated layers may 
approximately coincide with’ the depth of compensation, in places where the 
phytoplankton is rich and predominant. In such cases we have also found the 
phosphates and nitrates being partially consumed by the phytoplankton. 

Where no nitrates or phosphates have been consumed, the surface layers 
of our area with a salinity below 32°/9, have regularly a phosphate content 
of about 33 mg. P.O; and a nitrate content of 100 mg. N per cu. m. or slightly 
more. In waters of higher salinity, both values are regularly higher, but such 
layers are only found at greater depths and are rarely raised as high as to 40 m. 
below the surface. 

On the other hand, where a rich phytoplankton is growing, and the water 
is supersaturated in oxygen, we have found the phosphate content to be less 
than 20 mg. and the nitrate content less than 60 mg. Thus, we have seen that 
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for August in the bay of Fundy the limits of the water masses with a ternperature 
of 11° and with an oxygen percentage of 100% coincide with those for waters 
with 20 mg. P.O; and 60 mg. N per cu. m. or more. The relation between 
the amounts of phosphates and nitrates which are consumed within the illu- 
minated layer, viz., at least 13 mg. P.O; and 40 mg. N per cu. m., correspond 
to the same values found in other localities: PxO;/N =1/3 (Gran 1930). This 
agreement between the variations in the nitrate and the phosphate contents 
indicates that the denitrification or nitrate reduction is not as a rule of any 
importance in relation to the nitrate consumption of the phytoplankton. 

Only on a few occasions our observations show the nutrient salts being 
completely consumed. In May at our most southern station in the open gulf 
(26) no phosphates were found at the surface (see page 395). In August at 
two stations in the inner part of the bay of Fundy (10 and 11), no nitrates were 
found in the surface water, which still contained 9 mg. P.O; per cu. m. Here 
it is possible that nitrate reduction by bacteria may have taken place, favoured 
by the organic substances of the sediments, which at these localities are relatively 
abundant. But if organic matter has been present in more than ordinary quan- 
tities, the nitrate determinations may have been less accurate. 

In the gulf of Maine we have found on the whole that during summer, after 
the spring growth has reduced the nutrient content of the illuminated zone 
to low values and the waters have become well stratified by heating from above, 
the productivity is here restricted by the low contents of phosphates and nitrates. 
The exceptions confirm the rule. Over Georges bank a fairly rich diatom plank- 
ton can be produced by the effect of the turbulence in the waters flowing over the 
shallow bank, and near the coast of Maine continuous growth of neritic diatoms 
is going on through the whole summer, because nutrient salts are brought to the 
surface by the tidal currents in shallow water. Ina culture experiment, carried 
out at Woods Hole, August 6 to 11, 1932, with water from the open gulf of Maine, 
Rhizosolenia alata increased without addition of nutrient salts to 5 times the 
original number, but with addition of nitrate and phosphate, to 67 times as 
many as before the experiment (Gran 1933, p. 172). 

In the tongue of relatively cold water observed in the first part of the 
summer in the northern part of the gulf of Maine, exceptional conditions may 
be found, as at our station 17 off Mount Desert island on the 28th of June, 
between the coast and the offshore waters. Here conditions were prevailing 
similar to those found in the bay of Fundy at the same sea’son, with high contents 
of nitrates and phosphates from top to bottom, and at the same time with a 
very poor phytoplankton. These waters are undoubtedly originating from the 
bay of Fundy and their biological conditions are determined by the factors 
characteristic of this area. 

In the Bay of Fundy the conditions are more complicated than in the gulf. 
Contrary to what was found in the gulf, the largest population of phytoplankton 
was not to be found in the most turbulent waters, but where the waters were 
moderately stratified. Where the waters were thoroughly mixed by turbulence, 
the phosphate and nitrate contents were high right up to the surface, but never- 
theless the phytoplankton was poor. It may be stated that the lack of nitrates 
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and phosphates is here never, or only exceptionally, the principal factor limiting 
the growth of the phytoplankton. Our most important problem is, therefore, 
to find the cause of these extraordinary conditions. 

When we consider this problem, we shall use the observations from the 
month of June as an example. We then found a rich diatom plankton only 
in Passamaquoddy bay, where a numerous population of Chaetoceros debilis, 
in accordance with Davidson's observations from other years, had just succeeded 
the Thalassiosira-plankton of the spring. Everywhere else in the bay the 
phytoplankton was poor. 

The temperature at this season ought to be quite favourable for the growth 
of Ch. debilis over the whole bay of Fundy, and the supply of nutrient salts 
seems to have been more than sufficient. 

The question may be raised, whether the growth might have been prevented 
because living cells, able to utilize the prevailing life conditions, had not been 
present within the area. Only a month earlier, however, Chaetoceros debilis 
had been distributed over the whole bay, with a maximum as high as 27,000 
cells per litre (station 36, May 22), and even in June it was not totally absent. 
At station 8A, representing the waters flowing into the bay along the Nova 
Scotian coast, the frequency was as high as 200 cells per litre, and at station 37, 
500 per litre. For a species living in chain-formed colonies, numbers less than 
100 cells per litre have little chance to be observed by our method. It must 
also be expected that resting spores of this common species will always be present 
at the bottom. According to culture experiments, under favourable conditions 
Chaetoceros debilis undergoes at least one division per day. Therefore, if the 
growth were not prevented by some limiting factor, a rich population ought to 
have chances to develop in a few days. 

The same can be said with regard to other species, for instance Ch. com- 
pressus which in May also was present at all stations (maximum 7-8,000 cells 
per litre at station 36), and in June was found in the inflowing waters (stations 
8A and 37) in numbers up to 900 per litre. Therefore, it may be concluded 
with certainty that even in June the waters of the bay of Fundy contained 
enough germs of various species sufficiently fitting to the prevailing conditions 
of temperature and nutrition to enable good growth. 

Another factor is the consumption of phytoplankton by the pelagic animals, 
particularly copepods, feedirig on diatoms and other plankton algae. The 
influence of this factor is, unfortunately, very difficult to determine quantitatively. 
It must be considerable, but we have not data to calculate its effect. We can 
only say that according to the zooplankton observations (Fish and Johnson 
unpub.) the zooplankton of the bay of Fundy is on the whole less abundant than 
in the gulf of Maine, and therefore the consumption is certainly not sufficient in 
itself to explain the extreme poverty of the phytoplankton of the bay of Fundy 
as compared with the gulf, particularly in June. 

Thus only one factor seems to remain to explain the extraordinary biological 
conditions in the bay of Fundy: the extraordinarily high degree of turbulence 
of the waters. We have in the bay of Fundy at all seasons found the phyto- 
plankton to be poorest in the most turbulent waters. Along the coast of New 
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Brunswick (stations 11, 12 and 13) the waters are as a rule uniform in character 
from the surface down to the bottom, as an effect of the turbulence caused by 
the extreme tides at the head of the bay, and here the plankton was found to 
be poor at all seasons, even in May, when the rich Thalassiosira population 
yielded a rich production everywhere else. On the other hand, in the areas 
where the surface waters were moderately stratified, we found the richest parts 
with regard to phytoplankton. Furthermore, the peculiar summer minimum in 
June coincides with a minimum in stabilization for the surface waters. At 
that time it was only in Passamaquoddy bay the phytoplankton was rich, and 
only here the waters were moderately stratified. A slight stabilization was 
found also in the central part of the bay of Fundy, where also a very slight 
maximum of the phytoplankton was found. 


As a contrast to these conditions, on the other hand, we have seen that 
in the gulf of Maine a permanent stratification may cause a depletion of phos- 
phates and nitrates in the surface layers and prevent the development of a rich 
diatom plankton during summer, and that turbulence may stimulate the growth 
of the diatoms by carrying nitrates and phosphates to the surface from the deep 
waters. 


In turbulent waters we find the phytoplankton, and particularly the diatoms, 
more or less evenly distributed from the surface down as far as the waters have 
been thoroughly mixed by the turbulence. A part of the phytoplankton may 
be carried down below the level where photosynthesis and propagation is possible, 
and another part will be exposed to light intensities below the optimum, and their 


photosynthesis and propagation must be proportionally reduced. 


Thus, the question, whether violent turbulence may make the phytoplank- 
ton increase or decrease, must to a large extent depend on the thickness of the 
productive layer and thus on the light conditions. On Georges bank in August 
1932 (Gran 1933) the favourable effect of the turbulence was evidently pre- 
dominant. Here the light supply for photosynthesis was sufficient as far down 
as to a depth of 35 m., as shown by the oxygen values, and even at 43 m. effective 
photosynthesis seems to have been possible. As the total depth was only 60 m., 
about two thirds of the whole water column were sufficiently illuminated for an 
active photosynthesis, and the stimulating effect of the vertical circulation of 
nutrient salts could be predominant. 

The depth of compensation between photosynthesis and respiration of the 
phytoplankton must be dependent on the following factors: 

(1) the illumination at the surface; 

(2) the transparency of the water; 

(3) the biological character of the plankton present; 

(4) the temperature; 

(1) From the observations of Dr. Klugh, Dr. Sawyer and Mr. Herbert 
Kimball, and from meteorological observations published, Sawyer (unpub.) 
calculated that the total radiation at the surface in the bay of Fundy in 1932 
was between 2/3 and 3/4 of the amount at the same time in the gulf of Maine, 
and that in both areas it had its maximum in May, decreasing in June to half 
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the value in May and decreasing further, but very slowly in July and Augus 
with a more rapid decline in September (see page 319). 

(2) The transparency of the waters we have only been able to estimate 
from some observations on the turbidity and from some few Secchi disc records 
by Graham (unpub.). The observations show that the waters of the gulf of 
Maine were more transparent than those of the bay of Fundy, where the tur- 
bidity was high particularly along the New Brunswick coast, as a result of the 
washing out of silt from the Saint John river and the rivers in the Quoddy area, 
and by the turbulence in the estuaries at the héad of the bay, raising organic 
and inorganic detritus from the bottom, as proved by the regular occurrence of 
Melosira sulcata. The influence from these sources was still to be observed in 
the Quoddy area and around Grand Manan, but not so much in the eastern and 
central parts of the bay of Fundy. 

(3) Not so much can be said about the light requirements of the various 
species of which the phytoplankton is composed. It may be supposed that 
slowly propagating species as Thalassiosira decipiens have a less rapid respiration 
than, e.g., the neritic Chaeloceros-species with their relatively large specific 
surface, and that their compensation point may be found at a lower light in- 
tensity. But such representatives of Schimper’s “shade flora’’ are not abundant 
in our area. The bulk of the diatom plankton consists of rapidly growing species, 
as Thalassiosira Nordenskioeldi, Chaetoceros spp. and Sceletonema costatum. 

(4) We have no observations in regard to the photosynthesis and res- 
piration of the plankton algae in relation to temperature; but it may be supposed 
that their respiration has a higher temperature coefficient than that of their 
photosynthesis and that at low temperatures a lower light intensity would be 
sufficient to give balance between photosynthesis and respiration than at higher 
temperatures. For this reason the growth conditions may be more favourable 
in April-May than during summer. 

The quantitative effect of all these factors can not as yet be calculated 
from the observations available. It would, therefore, be very desirable to get 
further information regarding these very interesting problems, and it should be 
possible to reach important results by culture experiments combined with 
observations in nature. 

At present, we can only try to estimate the effect of the light conditions 
in the various parts of the area, from the observations on the amount of dis- 
solved oxygen and the consumption of phosphates and nitrates at different 
depths. In the offshore waters of the gulf of Maine we have seen that an active 
photosynthesis in summer must take place down to depths of about 40 m. or 
slightly more. When we approached the coasts, the point of compensation was 
found nearer to the surface, and near the coast we found it as high up as about 
10 m, below the surface. 

We have from the bay of Fundy one assimilation experiment, in Passama- 
quoddy bay on August 2, 1932, made on a clear day, covering six hours in the 
middle of the day (see page 326). At that occasion the point of compensation 
was found to be between 15 and 20 m. When the respiration during the night 
is taken into account, the compensation point for 24 hours will be at 10 m. or 
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even less. From our observations in August in the central parts of the bay of 
Fundy, the compensation point probably may have been slightly below 10 m. 

To get a rough calculation of the possible effect of the turbulence on the 
phytoplankton, we suppose that a water column of 50 m. depth is in continuous 
vertical circulation, and that the point of compensation is found at a depth of 
10 m. The phytoplankton then will be suspended within the illuminated zone 
only for one fifth of its life time, and only during part of this time the conditions 
for photosynthesis will be optimal. If they are just optimal at the surface, the 
average photosynthesis of each cell will be only one tenth of the full value of 
optimal conditions, that is if the cell has been continuously at the surface. As 
a rule the light conditions may be optimal one or two metres below the surface, 
and therefore, the value 1/10 will be too low, and the correct value will in our 
case be between 1/5 and 1/10. 

The question, whether the phytoplankton during its stay in the lighted 
zone can accumulate sufficient energy for its further growth, must therefore 
depend upon the relation between its photosynthesis and respiration. In our 
example, if the respiration is more than 1/8 of the assimilation, the propagation 
will stop, and the population will soon be consumed by the zooplankton. 

The data published as yet on the respiration of the plankton algae are not 
plentiful. Steemann Nielsen (1932) made some experiments on the photo- 
synthesis and respiration of phytoplankton at the Danish coast during summer 
at various light intensities. Bottles with sea water with its natural content of 
plankton were suspended at various depths. Each experiment lasted exactly 


24 hours. For a series of experiments Steemann Nielsen found the coefficient 
hotosynthesis ; - 

Settee never higher than 5.2 (at a depth of 0.2 to 2 m.), and at 5 m. 
respiration . 

about half of that at 2m. For our purpose we have to consider that the quan- 

tities of oxygen consumed by respiration partly may have been absorbed by 


animals and bacteria, and that if this error could be excluded, the coefficient 
would be higher. 


TABLE XIX. 


Photosynthesis Respiration 
mg. oxygen produced mg. oxygen consumed 
Maximum 


12.30 a.m. to 3.00 a. 0.05 0.10 


3.00 a.m. ).00 a. 1.18 (0 m.) 0.08 
6.50 a.m. to 8.50 a.m. 0.81 (2 m.) 0.17 
9.00 a.m. to frases 0.90 (1 m.) 0.38 
12.00 noonto 2.57 p.m. 0.99 (6 m.) 
3.00 p.m. to 5.55 p.m... oe 1.02 (2 m.) 
6.00 p.m. to 5 ih trata S aren eis 0.95 (1 m.) 
8.57 p.m. to midnight....... 0.11 (0 m.) 


per 24 hours 


bot athe »hotosynthesis 
This gives a coefficient Se =4, 
respiration 
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From most of the well known experiments by Marshall and Orr (1928) 
coefficients of the same order of magnitude can be calculated. Some of the 
experiments give higher values, but most of these lasted for such a short time 
(3 hours) that the values found for the respiration were too small to be accurately 
determined. Marshall and Orr used persistent cultures of Coscinosira polychorda, 
in which only bacteria might take part in the metabolism besides the diatoms. 

One experiment may be quoted; it lasted from noon on June 9 to noon on 
June 10, divided into a series of 8, each lasting 3 hours. The sun was shining 
for 15 hours and 5 minutes, and the bottles contained 3,600 cells of Coscinosira 
per cc. 

The few observations yet available are of course quite insufficient for 
drawing general conclusions, but they are sufficient to show that the daily 
respiration of the phytoplankton is relatively high compared with its photo- 
synthesis. If the photosynthesis of a diatom cell is reduced to one tenth of 
the normal or perhaps even only to one fifth, it will consume as much of organic 
matter as it can produce, and its propagation must come to a standstill. In that 
case the population will in shorter or longer time be consumed by the zooplankton, 
and we have seen by an example, that such a situation easily may occur in tur- 
bulent waters as in the bay of Fundy during June. It will depend on the inter- 
relation between many factors, whether the phytoplankton population shall 
increase or decrease, and the factors having a tendency to reduce the increase 
must be the following ones: turbulence, low transparency of the water, reduced 
illumination at the surface, feeding of the zooplankton and the passive sinking of 
the immotile diatoms. The turbulence, on the other hand, may promote the 
production by carrying nutrient salts to the surface, and this favourable effect 
may be predominant by good light conditions. 

The combined effect of all these variable factors, together with the tempera- 
ture variations and the effect of the horizontal currents carrying the phytoplank- 
ton from one place to another, may of course vary in a very complicated way, 
and it may be difficult to explain the observed facts in each case. We have 
tried to find out whether the extraordinary conditions observed in the bay of 
Fundy, particularly in June, can possibly be explained by interaction of the 
known factors, and we have come to the conclusion that this is possible. The 
principal factor in this area producing a quite unique effect must be the tur- 
bulence caused by the tidal cutrents. 

To recapitulate the data referred to above, we would emphasize the most 
characteristic points in the development of the phytoplankton of the gulf of 
Maine and the bay of Fundy. 

(1) In the gulf of Maine a rich diatom (Thalassiosira) plankton grows 
in April and May, representing the richest production of the whole year. In 
the offshore waters, the diatoms are succeeded by oceanic species as Ceratium 
longipes and later C. tripos and fusus, Pontosphaera Huxleyi and Rhizosolenia 
alata. The change occurs as soon as the greatest part of the phosphates and 
nitrates of the surface layer has been consumed by the diatoms and the waters 
get stratified, with the consequence that no considerable quantities of these 
salts can be brought up from deep waters. A moderate production of phyto- 
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plankton is going on continuously through the whole summer, limited by the 
relatively small quantities of phosphates and nitrates present, and liberated 
by the metabolism of plankton and bacteria. The point of compensation 
in the offshore waters lies at a depth of about 40 m., but nearer to the coast it is 
found at higher levels, and in the coastal zone its depth may be 10 m. or less. 
A rich population of neritic diatoms may grow continuously through the whole 
summer in the coastal waters, where the tidal currents give a moderate tur- 
bulence carrying nutrient salts from deeper waters. Similar conditions may be 
found at Georges bank, where the currents meeting the slopes of the bank produce 
a vertical mixing of the waters, populated by such species as Rhizosolenia alata 
(and in other years Guinardia flaccida), evenly distributed from the surface to 
the bottom. 

(2) In the bay of Fundy the turbulence is much more marked, particularly 
along the coasts. Here, also, a rich diatom plankton grows in April and May 
over the whole bay except along the New Brunswick coast, where the turbulence 
seems to prevent a rich growth even in spring. In May the light conditions are 
better than at any other season, the low temperature will give a favourable 
relation between photosynthesis and respiration, and the production of phyto- 
plankton has, without comparison, its maximum at this season. 

In June the situation is quite changed and shows a striking contrast to that 
of the gulf of Maine. In Passamaquoddy bay, where the waters are well stabil- 
ized, the diatom plankton is still rich, with Chaetoceros debilis predominating, 
but elsewhere the waters are nearly barren. A scanty plankton of some small 
species of neritic diatoms, together with the green flagellate Eutreptia has a 
slight maximum in the centre of the bay. The Ceratium-plankton of the gulf of 
Maine is represented but are-few in numbers. The nitrate and the phosphate 
contents are high even at the surface, and the surface waters are insufficiently 
stabilized. The turbulence causing this situation must also be the principal 
cause of the poorness of the phytoplankton. 

The facts observed in August confirm this conclusion. The surface waters 
are stabilized after the considerable increase in temperature, producing a marked 
thermocline, mostly between a depth of 10 and 25 m., and just the surface layer 
above this thermocline is productive. The phosphate and nitrate content of 
this layer is reduced by the metabolism of the phytoplankton, but not totally 
consumed, except that no nitrates were found at the surface at two stations in 
the inner part of the bay. 

In September the stability has been reduced by cooling of the surface, and 
the phytoplankton decreased, while the phosphate and nitrate content of the 
surface water has increased by the turbulence. 

While during summer the production of phytoplankton in the surface layers 
in the gulf of Maine is mainly limited by the low contents of phosphate and 
nitrate, caused by a marked stratification, we find quite the inverse situation in 
the bay of Fundy. Here, the phosphates and nitrates are, particularly in June, 
present in excess, but the phytoplankton is nevertheless poorer than in the 
gulf of Maine, and in June extremely poor. The only possible explanation of 

this seems to be that the phytoplankton is prevented by the turbulence from 
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accumulating in the illuminated zone. As this zone is shallower than in the 
gulf of Maine, because of the weaker illumination and the turbidity of the waters, 
the photosynthesis of the plankton algae, moving up and down with the tur- 
bulent waters, may be insufficient to counterbalance their respiration or to give 
a surplus sufficient to cover the consumption by animals. 

In Passamaquoddy bay the phytoplankton is rich from May till the end 
of July, as described from observations through a series of years by Davidson 
(1934). In August and September the quantity of the phytoplankton decreases 
as a rule. The waters are during spring and summer more or less stratified, 
but the phosphate and nitrate contents of the surface water seem never to be 
exhausted. The regular decline of the phytoplankton in August may perhaps 
have some connection with the very rich population of copepods (Acartia) 
which according to the zooplankton observations (Fish and Johnson, unpub.) 
is propagating in the bay in late summer (see recent observations by Harvey 
1934). 

With regard to the problem placed before the experts by the International 
Passamaquoddy Fisheries Commission, we must, according to the results of 
this survey, conclude that a closing of the entrances to Passamaquoddy bay as 
projected will not reduce the general productivity of the waters outside the dams. 
Even if, in the Outer Quoddy region, the turbulence should be essentially re- 
duced by the building of the dams, this change would rather be expected to be 
favourable for the production of phytoplankton than unfavourable. 


SUMMARY 


1. At 27 standard stations, 17 in the bay of Fundy and 10 in the gulf of 
Maine, samples were collected for studying the phytoplankton by the centrifuge 
method (see figure 15). These stations were worked during the months of 
April, May, June and August, and those in the bay of Fundy also in September 
1932. At each station a series of samples was taken from the following depths: 
1 m., 10 m., 25m., 40 m. and 75 m., occasionally also some samples from greater 
depths. This material was supplemented with local observations at other 
seasons. 

2. At most stations and depths where phytoplankton samples were col- 
lected, observations were made on temperature, salinity and on the phosphate, 
nitrate and oxygen contents of the sea water. 
generally used in oceanography were applied. 

3. The observations on temperature and salinity corroborate Bigelow’s 
results with regard to the general circulation of the waters. 

The values for phosphate were high at the lower levels (50-60 mg. P,O; 
per cu. m.), decreasing towards the surface in correlation to the salinity dis- 
tribution and on account of the consumption by the phytoplankton in the 
illuminated zone. The phosphate content of the surface waters was during 
summer generally higher in the bay of Fundy than in the gulf of Maine. The 
variations in the nitrate content were parallel to those in the phosphate content. 

The oxygen content of the deeper layers of Atlantic origin was low (about 
70°; ). The surface waters of the gulf of Maine during spring and summer 


The standard methods now 








429 


generally were supersaturated with oxygen, as far.down as the photosynthesis 
of the phytoplankton was predominant, viz., to a depth of about 40 m. in the 
offshore waters and to lesser depths near the shore. In the bay of Fundy, the 
surface waters during the same period of time were often subsaturated in oxygen, 
particularly in June. 

4. In the centrifuged samples the following numbers of species were 
recorded: 78 diatoms, 57 dinoflagellates, 8 coccolithophorides, 2 silicoflagellates, 
1 green flagellate (Eutreptia), 19 zooflagellates and ciliates. For each species 
remarks on their general frequency in the area and on their biological conditions 
were given. The following numbers of new species were described: 1 diatom, 
7 dinoflagellates, 2 coccolithophorides. For some critical species remarks were 
made on their taxonomy and variation. 

5. During winter the phytoplankton of the bay of Fundy was quanti- 
tatively poor, consisting of oceanic species and some littoral diatoms, washed out 
from the shores. In April-May the phytoplankton in the whole area had its 
annual quantitative maximum. It consisted of boreal and arctic-neritic diatoms, 
a Thalassiosira Nordenskioeldi vegetation with a great number of species as 
subordinate components. Only along the New Brunswick coast this rich spring 
growth of diatoms was never observed. 

In the offshore waters of the gulf of Maine this diatom vegetation was 
succeeded by dinoflagellates, with Ceratium longipes and bucephalum as do- 
minants in May and June, these later succeeded by C. fusus and tripos, accom- 
panied by Pontosphaera Huxleyi and Rhizosolenia alata. This change began 
in the south-western part of the gulf and gradually extended northwards. Along 
the coast populations of neritic diatoms prevailed during the whole summer, 
successively changing their composition in response to the rise in temperature. 

In the bay of Fundy the phytoplankton in June was very poor, except 
in Passamaquoddy bay, where Chaetoceros debilis and its associates prevailed. 
In August the plankton had increased. It was composed of the following 
societies: (a) a Chaetoceros constrictus-society, in the waters flowing in from the 
gulf of Maine; (b) a Sceletonema-society along the New Brunswick coast, with a 
pronounced maximum around Grand Manan; (c) a triquetrum-society of neritic, 
minute dinoflagellates prevailing along the coasts; (d) a Ceratium-Pontos phaera- 
society, dominant in the centre of the bay and corresponding to the summer 
plankton of the offshore waters of the gulf of Maine. 

In September the same. societies were found, except the first one (a), but 
then less abundant. At this season, visitors from the Atlantic, particularly 
oceanic coccolithophorides, were found in relatively great numbers, and more 
abundantly in 1931 than in 1932. 

6. In the gulf of Maine the general changes in the growth and decline 
of the phytoplankton population, and its local variations agree with the theories 
of Brandt and Nathansohn, that the quantitative variations are governed by 
the light intensities and the supply of nutrient salts (phosphates and nitrates). 
The spring increase in diatoms occurs, as in North European waters, after the 
waters have been vertically mixed during winter, so that sufficient supplies of 
phosphates.and nitrates have been brought to the surface from the deep strata. 
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As soon as the surplus of nutrients has been consumed by the diatoms, and the 
waters are stratified (by heating and freshening), the growth of the phytoplankton 
in the surface layers is limited by the lack of nitrates and phosphates, which 
through the whole summer are present in small quantities only, just sufficient 
to maintain a moderately rich population of Ceratia and coccolithophorides. 
Only along the coast the tidal currents cause turbulence, sufficient to supply 
nutrient salts for the growth of neritic diatoms through the whole summer. 

7. In the bay of Fundy the conditions are more complicated. Here 
the tidal currents, because of the great tidal range, up to 52 feet (16 metres), 
produce a high degree of turbulence, particularly along the coasts. and the 
phosphate and nitrate contents through most of the year are relatively high 
from the bottom to the surface. However, this rich supply is not to any great 
extent consumed by the phytoplankton. Particularly in June, the phytoplank- 
ton was here very poor, except in Passamaquoddy bay, where the waters were 
moderately stabilized. In August the surface waters were again more stabilized, 
particularly in the central parts of the bay, and then these surface waters were 
populated by a fairly rich vegetation, which had consumed part of the phosphates 
and nitrates and produced supersaturation in oxygen in the illuminated zone. 

These extraordinary conditions, so different from those found in the gulf, 
tentatively have been explained as an effect of the higher degree of turbulence 
in the bay of Fundy as compared, for instance, with the gulf of Maine, preventing 
the diatoms from accumulating in the surface layers where they can reproduce. 
In estimating the effect of the high degree of turbulence in the Fundy region, the 
following facts have to be considered. 

(a) The light conditions, as calculated from Dr. Sawyer's records of the 
radiation and from the relative numbers of foggy days, are less favourable in 
June to September than in May, and for the whole year the total radiation is in 
the Fundy region about 25% less than in the gulf. 

(6) The waters of the bay of Fundy are very turbid, because of detritus 
washed out with the large fresh water contributions from rivers, and on account 
of the extraordinary tide conditions, from the estuaries at the head of the bay. 

(c) An experiment on the photosynthesis and respiration of the 
plankton in Passamaquoddy bay indicates that the point of compensation may 
not be lower than at a depth of 10 m. 

(d) Experiments by Steemann Nielsen and by Marshall and Orr, show 
that the respiration of the plankton diatoms is as high as about one fifth of their 
photosynthesis. Therefore, if the total illumination of each diatom cell is 
reduced by the moving up and down by the turbulence, to one fifth of the 
optimum light intensity, no surplus of energy can be stored, no reproduction 


can take place, and the diatoms must soon be consumed by the animals feeding 
upon them. 


Although our material is insufficient for accurate calculations, we have 
come to the conclusion that for these reasons the extraordinary turbulence and 
turbidity conditions of the bay of Fundy waters are the main factors for limiting 
their production of phytoplankton. No other explanation could be found, as 
the surface waters at the least productive seasons, as in June, contain a surplus 
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of nutrient salts, and the zooplankton feeding- upon the phytoplankton is 
not as rich in the bay of Fundy as in the gulf of Maine. 

8. If the entrances to Passamaquoddy bay were closed by the projected 
dam, this would not be expected to have any noticeable effect on the pro- 
ductivity of the bay of Fundy outside the Quoddy region. In the Outer Quoddy 
region, an increase in stability during the summer season, as would possibly be 
the effect of the dams, rather should tend to increase than to reduce the phy- 
toplankton production in these waters. 
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TABLES 


Only some of the phytoplankton tables are published here. Typewritten copies of the rest 
are deposited at the following three localities: the Biological Board of Canada, University of 
Toronto, Toronto, Canada; the Woods Hole Oceanographic Institution, Woods Hole, Mass., 
U.S.A.: the Botanical Laboratory of the University, Oslo, Norway. 


TABLE XX. Station 1C, September 12, 1931 


Depth... OT ee ee EEE 1 10 25 40 
Temperature.......... Pies Role ik chiara eat 12.95 12.18 11.86 11.71 
Salinity, per mille......... feictasece wince 31.51 31.80 32 .07 32.18 
ot. a kka keke euie keane Lee ek 23.73 24.09 24.37 24.47 
Phosphate, mg. P:Os per cb. m.............. 45.0 47.7 50.4 49.6 
Number of cc. examined. ........... 0000000 25 50 50 50 
Chaetoceros constrictus..... eee Cow ea 120 _ - - 
eee esas tack eran eek 740 180 120 - 
Coscinodiscus excentricus............ scapes 80 40 60 100 
Guinardia flaccida......... pees ates 460 - - _ 
ee ee ne 380 340 140 1 340 
Pleurosigma Normanni.... cae chsiienion 120 20 40 180 
Rhizosolenia imbricata.......... Sanianeens 280 _ - _ 
Sceletonema costatum....... Skewes eete oe - 580 680 2 080 
Thalasstonema nitzschioides cena Sse oar 220 80 _ 140 
Thalassiosira decipiens. . Fae aw rracsted eee 60 - 80 60 
Dinophysis acuminata......... Sie ieee 120 40 - =~ 
norvegica , Sidi cee aacreskin 40 40 20 — 
Distephanus speculum er ite anit ss ee 340 360 40 
Ebria tripartita.......... 5 es 140 - - - 
Helicostomella subulata pi eee 240 60 100 160 
Mesodinium rubrum re pleats 180 — — ~ 


Actinocyclus Ehrenbergi 40 m., 20. Coscinodiscus centralis 1m., 40; 25 m., 20. Navicula 
distans 25 m., 40; 40 m., 80. Nitzschia closterium 1 m., 20. N. delicatissima 25 m., 40. 
Rhizosolenia fragilissima 1 m., 40, 40 m., 40. Thalassiosira sp. 10 m., 80; 25 m., 60. 

Ceratium lineatum 1 m., 40. C. longipes 1 m., 60. C. tripos 1m., 40. Peridinium brevipes 
10 m.,20. P. pentagonum 1m., 40. P. Steint 1 m., 20; 25 m., 20. P.sp.1m., 20. Prorocentrum 
micans 1 m., 20. 


Favella serrata, 10 m., 40. Laboea crassula 10 m., 20. L. strobila 1 m., 20, Stenosemella 
sp. 25 m., 80. ’ 


TABLE XXI. Station 6, September 11, 1931 


RN iG 5, cae Cae ece nines 1 10 25 40 75 
ee ee Tee 13.35 13.61 12.59 10.36 9.17 
SRlimity, MOT WMS... .. 2.56.00 31.67 31.73 31.85 32.38 32.95 
ee see hairs wisn Levin cas 23.75 23.77 24.05 24.79 25.48 
Phosphate, mg. P.O; per cb m...... 39.2 41.7 47.6 44.5 50.8 
Asterionella japonica.............. 6 760 13 760 14 900 200 340 
Nee von Bs oe ous 160 - 320 80 _ 
Chastoceros Gfimis..............5: 980 680 200 _ = 
SINE soo canis ox os 320 1 280 1 660 560 - 


sears ate 120 - _ _ a 








TABLE XXI—Continued 


Chaetoceros decipiens.............. 180 760 360 80 - 
MOR is civ coven so e-0¥-< 80 _ 100 — - 
SE TEE 480 240 300 560 _ 
INE Gc cu oe aa wa'e 300 880 200 — — 

Coscinodiscus excentricus.......... 100 160 80 40 20 

Ditylum Brightwelli............... 660 1 420 880 40 40 

Leptocylindrus minimus........... - - 120 - - 

Melosiva sulcata.................. _ 240 620 120 240 

Nitzschia closterium.............. _ 160 180 20 - 
delicatissima............. 2 100 9 560 4 960 — ~ 
OC TE _ 120 380 _ = 

Rhizosolenia imbricata............ ~ - _ 100 — 

Sceletonema costatum.............. 88 860 145 440 34 300 360 880 

Thalassionema nitzschioides........ 1 260 2 200 1 720 = _ 

Thalassiosira decipiens............ 2 120 4 220 1 840 400 220 
Re tere he aisaat si nebce ts 2 980 5 440 2 340 60 80 

Gonyaulax tamarensis............. 220 40 - - — 

Distephanus speculum............. 100 280 40 - — 

BM OME 55> as 5 an ee ewe pie 100 40 ~ ~ - 
I ta to ie Na ss oe 400 160 = — -- 

Mesodinium rubrum.............. 240 80 60 - = 


Actinoptychus undulatus 40 m., 20. Biddulphia alternans 40 m., 80. Chaetoceros simplex 
25 m., 20. Rhizosolenia fragilissima 25 m., 40. R. setigera 1 m., 40. 

Ceratium bucephalum 1 m., 40. C. fusus1m.,20. C.tripos1m.,20. Dinophysis acuminata 
1 m.,40. D. norvegica 1 m,20.. Gymnodinium Lohmanni 1 m., 20. Peridinium triquetrum 1 m., 80. 

Eutreptia Lanowi 1 m., 80; 10 m., 40. Coccolithus pelagicus 75 m., 20. Rhabdosphaera 

stylafera 1 m., 20. Ebria tripartita 10 m., 40. 

Favella serrata 10 m., 40. Helicostomella subulata 10 m., 40; 25 m., 20. Laboea crassula 
1m., 20. L. vestita 1 m., 40. Lohmanniella oviformis 25 m., 20. L. spiralis 10 m., 40; 75 m., 20. 
Tintinnopsis sp. 1 m., 20. 


TABLE XXII. Station 8A, September 11, 1931 


ers ear tuk Vis cho wich nt oe 1 10 25 40 75 
INMINING Sods as caecum ews ova 11.58 10.49 10.07 9.14 8.28 
Salinity, per mille............... 32 .32 32.32 32.32 32.72 32.94 
Be cating tana Asia Sin. 4, sts 8S 24.55 24.83 24.97 25 .34 25.63 
Phosphate, mg. P.O; per cb m..... 40.7 43.0 49.1 54.5 60.5 
Asterionella japonica.............. 860 - 1 580 = - 
Chaetoceros constrictus............. 320 - 300 - — 
GOGIAIRS 5550's 6 Svs 1 140 - 140 — = 
DAMIER 5 55 5 od «alae 28 ws _ 160 100 - 180 
ESSE OTE OTE 160 — 320 - - 
Coscinodiscus excentricus.......... _ 20 60 —- 40 
Ditylum Brightwellt............... 40 40 20 - — 
Leptocylindrus minimus........... 1 080 - - = - 
ee — - — — 300 
Nutzschia closterium.............. 20 100 100 — 
delicatissima............ 540 100 480 — - 
BT ENG oka ia aeiclhow ews 240 - 180 — _ 
Rhtzosolenia imbricata............ 620 a = _ — 


Sceletonema costatum.............. 4 420 820 3 040 380 1 160 
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TABLE XXII—Continued 


Thalassionema nutzschioides . 80 = 620 - 60 
Thalassiosira decipiens.... ree ee 100 160 1 260 160 60 

sp. ; 200 40 20 - - 
Exuviaella baltica... . ana wie 1 100 - 40 _ — 
Gonyaulax tamarensis ... 21 980 - - = _ 
Oxytoxum gracile.... 160 - - - - 
Peridinium tri quetrum : cc. — - — - 
Acanthoica acanthiferc .... 280 - - - - 
Coccolithus pelagicus 180 100 60 20 - 
Eutreptia Lanowi..... tanita etae 2 040 - _ - - 
Pontosphaera Huxleyi sions 260 40 60 40 20 
Rhabdosphaera stylifera...... <a - 120 - - 
Syracosphaera sp............. 2 320 —- 40 - - 
Lohmanniella oviformts............ 40 - 40 20 - 


Actinocyclus Ehrenbergi 10 m., 40. Cerataulina Bergoni 10 m., 20. Chaetoceros affinis 
25 m., 60. Ch. didymus 25 m., 60. Corethron hystrix 1 m.,60. Rhizosolenia fragilissima 1 m., 40; 
40 m., 40. R. setigera 25 m., 20. 

Ceratium bucephalum 1 m., 20; 10 m., 40. C. fusus 1 m., 20; 10 m., 20. C. lineatum 
10 m., 20; 75 m., 40. C. longipes 1 m., 20., C. tripos 75 m., 20. Dinophysis acuminata 1 m., 20. 
Peridinium brevipes 1 m., 20. 

Distephanus speculum 1 m.,60. Syracosphaera pulchra 1 m., 20. 

Acanthostomella norvegica 1 m., 20. Helicostomella subulata 1 m., 60; 40 m., 20. Laboea 
onica 1 m., 20. L. strohtla 1m., 20. Parafavella denticulata 1 m., 20. 


TABLE XXIII. Station 11A, September 10, 1931 


Depth... ; pepal wo teats 1 10 25 40 
Temperature. fevers 12.47 12.35 11.94 11.64 
SERN cae bes ‘tite bierahe kesh ate dite 32.14 32.16 32.20 32.21 
i Peg ns ie eal e ’ bikes 24.30 24.33 24.36 24.50 
Phosphate, mg. P2Os; per cb. m.. ; 44.4 44.5 44.8 46.4 
Asterionella japonica. ', neath _ 160 200 440 
kartana 7% . Annee = 200 - _ 
Biddulphia regia..... a Seah Rekeee _ 20 80 40 
Cerataulina Bergont. . 2a is SP a 80 — 80 _ 
Chaetoceros affinis. sate eshte wie te — 180 - - 
didymus.. sd exit deren orp kb ta i _ 100 — — 
lacintosus 6 Pee wie Se Ey ' 100 240 120 240 
radicans. . oes Sak xeneaman = 360 = - 
Coscimodsscus EXCOMITICUS..... 0. cece eee eens 80 80 80 60 
Ditylum Brightwelli. . Patel bine eiehrs 200 240 120 240 
Melosira sulcata..... BARR Gen i ats wb 465 ~ 80 80 400 
Nitzschia delicatissima no) ee ee A ne 80 — 60 100 
RS 5. kk das hanes ke" 100 60 - - 
Sceletonemce costatum....... eee eee 7 400 6 040 3 040 
Thalassionema nitzschiotdes by aie Ek ah 180 80 80 80 
Thalassiosira decipiens. . a eS ee 160 120 340 40 
Bisaxtek ons fo eee Se a 280 360 400 700 


Laboea strobila 


Trias 40 40 40 - 





TABLE XXIII—Continued 
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Amphiprora alata 10 m., 20; 40 m., 20. Biddulphia alternans 10 m., 80. Chaetoceros com- 
pressus 10 m., 80. Navicula distans 10 m., 40. Nitzschia closterium 25 m., 20. Pleurosigma 
Normani 1 m., 20. Rhizosolenia fragilissima 40 m., 20. R. setigera 1m., 20; 25 m., 20. Streptotheca 


thamesis 10 m., 20. 
Ceratium bucephalum 1 m., 20. Gonyaulax tamarensis 25 m., 20. 
Eutreptia Lanowi 1 m., 20. Distephanus speculum 1 m., 40. 
Helicostomella subulata 25 m., 20. Mesodinium rubrum 1 m., 40; 40 m., 20. 


TABLE XXIV. Station A (44°50’N. lat., 65°51 1/2’ W. long.), September 10, 1931 


RN a eines euien Gham goers kane 1 10 25 40 
NE Soa 6S eisavsne ess 12.69 11.84 10.78 10.78 
Satimity, per mille. .............. 32.23 32.29 32.43 32.47 
i irsasip dausse cues bess ae 24.35 24.55 24.84 24.88 
Phosphate, mg. P.O; per cb. m..... 38.1 38.1 46.7 52.6 
Chaetoceros borealis 
borealis f. concavicornis.. . - 400 - — 
CIS 6 55 os 6c cs ees 460 880 - 160 
ee 820 1 940 480 - 
IIS G's eee 2.8 2 «0 - 560 _ - - 
Corethron hystvéx.........0.00000- - 100 - _ 
Coscinodtiscus excentricus.......... 20 — 20 60 
| ee ee 60 - 100 - 
Rhizosolenia semispina............- 40 160 — — 
smbricata f. Shr.......... 660 80 60 — 
Sceletonema costatum.............- 80 — 440 240 
Thalassiosira decipiens............ - 20 140 200 
Ceratium bucephalum...........-. 180 220 _ 20 
ORIN ois cig ales sane 20 100 40 _ - 
Gonyaulax tamarensis....... Bota 1 500 100 20 - 
Peridinium triquetrum............ ce. cc. - — 
Eutreptia Lanows..........0.%--- 220 - — — 
Coccolithus pelagicus............ 160 140 200 60 
Pontosphaera Huxleyi............ 20 — 20 40 
Rhabdosphaera stylifera........... 760 1 140 20 - 


75 
10.29 
32.61 
25.06 
51.3 


40 
20 


Asterionella japonica 25 m., 80. Coscinodiscus centralis 40 m., 20. Nitzschia closterium 
1 m:, 20. JN. seriata 1 m., 80. Pleurosigma Normani 75 m., 20. Rhizosolenia fragilissima 25 m., 


20. Thalassionema nitzschioides 25 m., 40; 75 m., 80. 


Ceratium fusus 1 m., 80; 10 m., 60. C. tripos 1 m., 40; 10 m., 80. Gonyaulax spinifera 
1 m., 20; 10 m., 20. Peridinium pallidum 1 m., 20; 10 m., 60. Prorocentrum micans 1 m., 20; 


10 m., 20. 
Acanthoica acanthifera 1 m., 20. Calyptrosphaera oblonga 1 m., 20; 10 m., 20. 
Syrachosphaera sp. 25 m., 40. Distephanus speculum 1 m., 20; 75 m., 20. 
Helicostomella subulata 1 m., 60; 75 m., 20. Laboea vestita 1 m., 20. 


TABLE XXV. Station 25.05. March 5, 1932 


rte sicaGien Botella a histamine teatein tesa cmhbrarsiets 10 25 40 
NN iF o 5 is ee par cian a) yale easel 1.41 0.89 1.62 
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Number of cc. examined 


Actinoptychus undulatus. . 


Asterionella japonica 
Biddulphia aurita. . 
Chaetoceros compressus 
debilis. . 
Lauderia borealis..... 
Navicula sp. 
Nitzschia closterium. 
seriata. . 
Rhizosolenia styliformis. . 
Sceletonema costatum 
Thalassiostra bioculata 
decipiens 
gravida.. 
Nordenskioeldt 


Cocconeis sp. 40 m., 20. 
Brightwelli 75 m., 40. Fragilaria sp. 40 m., 40. 
delicatissima 40 m., 40. Pleurosigma sp. 10 m., 40; 75 m., 20. Rhizosolenia semispina 40 m., 20 


TABLE XXV—Continued 
aides Gower 50 


Thalassionema nitzschioides 75 m., 100. 


Ceratium lineatum 40 m., 20. 


40 m., 20. Peridinium faeroense 10 m., 20. P. sp. 10 m., 20. 


Distephanus speculum 75 m., 20. 


Depth 

Temperature 

Salinity 

Number of cc. examined 


Chaetoceros compressus 
—resting spores 
convolutus 


borealis f. concavicornis 


debilis 
—resting spores 
decipiens.... 


diadema......... 
—resting spores... 
didymus........ aaate 
furcellatus, resting spores. 


laciniosus . 

—resting spores 
Coscinosira Oestrupi. 
Endictya oceanica.... 
Fragtlaria oceanica. . 
Navicula sp. 
Nitzschia seriata. . 
Porosira glactalis 
Rhizosolenta semispina. . 


Thalassionema nitzschioides 


6.1 
32.89 
50 


Exuviaella baltica 25 m., 20. 


~I 


Coscinodiscus radiatus 75 m., 20. 
Navicula distans 40 m., 20; 75 m., 20. 


Lohmanniella oviformis 75 m., 20. 


TABLE XXVI. Station 26.26. May 2, 1932 


10 


vo. 


32 
50 


660 


~] GU 


160 


440 


140 
60 
540 
100 
40 


140 





60 
140 
120 
160 


C. sp. 75 m., 20. Ditylum 
Nitzschia 


Gymnodinium sp. 10 m., 20; 


~I 
Gr 


mm € 


10 


500 
200 


300 


700 
200 


200 


500 


1 600 


400 


2 500 


100 


5 000 


700 


1 000 
4 800 


450 











Ne se) can baci OA bisa ese ar leNs 


II IG og doo a0 pieisdiv en veanvans 600 820 580 _ 
Gymnodinium Lohmannt................ A 40 60 40 — 
Oe EE eT ee Cee Ee 100 20 100 _ 
PR NR iii a oF d05 0b x Sa sw des da 60 80 20 - 
SSE NIE CE TER AT CERT ECE 20 20 100 - 
I ia irs ins a aloes wb W die MRR WE 60 - 100 - 
i605 Sa haat nike cae As 700 3 080 440 100 
eR IIE io 65's 56 544.0 cn kerodhiees 40 20 200 _ 
Pomtoebhaere TOMA. 6.6. e ccc ccesesessss 20 100 — - 
Acanthostomella norvegica............6+00-0005 160 220 20 - 
I Na debt artes 6004 ike eTR CORES — 560 ~ = 


Coscinodiscus cinctus 1 m., 40. Nitzschia closterium 10 m., 20; 25 m., 80. Rhizosolenia 
alata 25 m., 30. R. fragilissima 10 m, 40; 25 m., 80. R. styliformis 10 m, 20. 
Dinophysis robusta 1 m., 20. Glenodinium sp. 25 m.; 20. Gonyaulax triacantha 1 m., 20; 
25 m., 40. Peridinium americanum 1 m., 20. P. cerasus 25 m., 40. P. conicoides 1 m., 20; 10 m., 
40. P. conicum f. Asamushi 1 m., 20. P. divergens 25 m., 20. P. monacanthus 25 m., 20. P. 
ovatum 1 m., 40; 25 m., 20. P. pyriforme 25 m., 20. P. roseum 1 m., 80; 25 m., 40. P. sp., 
10 m., 20; 25 m., 60. Prorocentrum micans 10 m., 20. 
Syracosphaera sp. 1 m., 20; 25 m., 60. Distephanus speculum 1 m., 20. 
Laboea emergens 25 m., 20. L. strobila 10 m., 20. Lohmanniella oviformis 10 m., 20; 25 m., 
20. L. spiralis1m., 40. Parafavella denticulata 10 m., 80, 25 m., 60. 


TABLE XXVII. Station 26.30, April 29, 1932 


So hs ais Seats aso ale AER Rape 1 10 25 40 70 
INI 5 Sie oi.5 onc ain a's 3.6 3.4 3.4 3.4 - 
NER RE EEE A EPe Rs ee 32.02 31.87 31.92 32.01 32.42 
Number of cc. examined.......... 5 5 10 10 10 
Asterionella japonica.............. 2 000 - _ _ - 
Biddulphia aurita................ - — 300 _ 1 600 
Chaetoceros compressus............ - 400 - _ - 
CIR ons s'ccdeyes - _ — _ 400 
NIE 6 x stereo dpdipies es 17 200 7 400 8 000 19 700 1 000 
i d's. 6m Sinhy 208 200 - 200 _ 600 
I iiss ois. ave iene s 7 400 3 200 3 000 16 600 _ 
furcellatus............... 3000 8 400 22 800 5 100 700 
See ee _ 200 200 —- 400 


No arcs wid eA nae 
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TABLE XXVII—Continued 


Coscinodiscus centralis............ — 


Coscinosira polychorda............ — 
ENE, Soest nn tones 0% 400 
CO ee ee 400 
Nitzschta closterium.............. — 
delicatissima............. — 
| 17 600 
Rhizosolenia fragilissima.......... — 
RE - 
Thalassiosira decipiens............ 4 400 
CG ib teu herbie Nie 5 800 
—resting spores.......... - 
Nordenskioeldt........... 610 400 
ee 400 
CPUC GD. 5. 5 vc o's ceenwee _ 
Peridinium brevipes.............- 200 
PE isceane nb ean - 
ND SaaS Sc es bik 600 
Distephanus speculum............. _ 
Lohmanniella oviformis............+ 200 


400 


200 


200 


400 
100 
400 
11 800 
100 
4 200 


2 200 
694 900 


100 


100 


200 


Chaetoceros borealis f. concavicornts 25 m., 100. Eucampia zoodiacus 25 m., 100. 


distans 25 m., 100. Thalassiothrix longissima 70 m., 100. 


Peridinium ovatum 40 m., 100. 


TABLE XXVIII. Station 26.31, April 29, 1932 


1 
a; 
ES eer er ere ee 32. 
5 


Number of cc. examined.......... 


Asterionella japonica............4- - 
Biddulphia aurita.............45. - 
Chaetoceros borealis f. concavicornis. - 


IGE is so nix ee v ie vin 21 200 
SR cesnacuatesnkn . 600 
i eee 15 800 
—resting spores.......... ~ 
ee 600 
REL has swd bowen 20 660 
—resting spores.......... 2 000 
PG cb cen neha hese - 
I ids wabuvesa< 10 000 
—resting spores.......... _ 
RC edn i 4 eins - 
Core BPWES... «000 0cccscveces 200 
Coscinosira Oestrupt..........+++. 18 200 
Eucampia soodiacus......... beha - 
Fragilaria sp. chains............. 600 
Rs caveti eS cp acbaa ae 200 
Nuteschia clostertum............+- 200 


46 


24 


20 


13 


© 


10 


4.1 


25 


3. 
32. 


1 000 
1 600 

600 
26 800 


11 000 


40 000 


800 


9 800 


200 
5 200 


400 
200 


40 


32.60 
25 


120 
1 640 
40 


960 
520 
160 
920 
120 


120 
880 
120 


40 





Navicul a 








Nitzschia delicatissima............ _ 


Oe ae ee eee 1 200 
POPES BOKGE o..00.00 oes esos 3 400 
—resting spores.......... - 
Rhézosolenia alata................ 200 
fragilissima. . 200 
semispina. . ae 300 
Thalassionema witaschiotiles. Si ois a - 
Thalassiosira bioculata............ 600 
CN stele c ie. nies 6:4 800 

NE Cale ois’ s:4.4na-0/ 40 400 
—resting spores.......... ~ 
Nordenskioeldi........... 18 400 
—resting spores.......... 3 000 

Dimoph ysis CPUM. 2.650 ccc cc cceess 200 
Baoptadia baldica..........08505. 400 
Gymnodinium Lohmanni.......... _ 
Peridinium brevipes.............. _ 
ES rasa gaig nese s 200 

CEC Ce 400 
Syracosphaera sp...........-02-. 200 
Lohmanniella spiralis............. 200 


Chaetoceros socialis 1m., +. Minuscula bipes 1 m., 
Didinium parvulum 40 m., 40; 75 m., 40. Lohmanniella oviformis 1 m., 
40. S. sp. 25 m., 200. Parafavella denticulata 10 m., 200. Tintinnopsis 


acuminata 40 m., 


TABLE XXVII—Continued 





200 1 000 160 

— 3 200 960 

12 200 15 200 14 800 440 
- = 40 240 

400 1 200 300 o 
300 100 320 — 

_ _ 480 _ 

— 400 _ 120 

5 200 9 200 11 760 1 240 
74 400 104 000 17 760 = 
_ _ 1 360 - 

35 200 56 800 29 800 2 560 
3 400 6 000 14 360 2 480 
er 200 a = 

400 — - = 
200 = 160 - 
400 _ 80 - 
200 es is es 
600 200 40 — 
800 ad it Bs 

a 200 has = 
200. Peridinium roseum 75 m., 40. 

200. Salpingella 


TABLE XXIX. Station 26.35, April 21, 1932 


sp. 1 m., 200. 
BN 5s cack mips. pms male eam 1 
ee pies aca,» bee «FA ESe 4 
Salinity. . 32 
Number ol. ce. eenled.. 25 
Biddulphia aurtta............0.. - 
Chaetoceros borealis f. concavicornts. - 
II, 5 5 oisc os oVieee — 
Na iin css ci0,aceirs es - 
EE a eka canw er ae 160 
NN EEE HEE a 
CN i oie Sea ai 9S 408 © 280 
CG ona kK snes 160 
NN Silica uivee oi vol 40 
Coscinosira Oestrupi.............. 1 360 
NN MIE 6 os icy 00:59 WOL0 _ 
ee _ 
I MIIIINR so 5 6.05.05.5:0,0 0 svn ss 2 080 
Rhizosolenia fragilissima.......... 280 
semispina.. 100 
Thalasstonema nitecchioides. ae 520 
IES ip ached’ sc''6 s00 » 3 720 


—resting spores.......... 


ow to 
© 


10 


to 


Cae 
ou 
to 
oO 


25 40 
8 ~ 3.2 
42 32.46 32.59 

50 50 

100 _ 

60 60 

240 = 

400 80 

180 - 

700 200 

40 - 

300 - 

1 300 580 

- 200 

240 _ 

2 960 880 

20 20 

280 = 

5 100 2 120 


“NI 


. 64 


442 


TABLE XXIX—Continued 


Thalassionema hyalina ........... 640 - _ 
Nordenskioeldi........... 6 960 10 400 11 640 
—resting spores.......... - — 160 

Exuviaella baltica........... eer 40 40 100 

Gymnodinium sp..............--. - 40 60 

Peridinium brevipes.............. - 160 40 


Chaetoceros atlanticus 25 m., 60. Ch. radicans 10 m., 40; 25 m., 20. Coscinodiscus centralis 
Navicula sp. 1 m., 40. 
schia closterium 10 m., 80. N. delicatissima 1 m., 80. Rhizosolenia alata 40 m., 60. 
Peridinium cerasus 25 m., 20. P. curvipes 10 m., 40. P. ovatum 10 m., 40; 40 m., 20 
P. pellucidum 10 m., 40; 25 m., 20. P. pyriforme 25 m., 20. P. roseum 10 m., 40; 25 m., 20. 


25 m., 20. C. curvatulus 25 m., 20. Fragilaria sp. 75 m., 20 chains. 


P. triquetrum 10 m., 80; 40 m., 20. 
Distephanus speculum 10 m., 40. Syracosphaera sp. 25 m., 20. 


TABLE XXX. Station N.192, April 21, 1932 


Desth. ...5.. ‘eet AAA Ee Obed Oey Be Peee ak ae Bes 1 
I he be oo eRe eid a ee S Oe ee 2.8 
ne le ON ag cE wh owe ewe wa Soa 10 
SR BRO NING ooo 6 ooo sé ib vc vo enecewectssoe = 
i Si Rn ri na 9 Sede ig WW aL ba 2 300 
EE ETL OOO CO Te 1 100 
AE ie cae DES Aso s Suis 0.6 maser 32 500 
MR sh ceskcs taexabviceon wanes 500 
eee te wee ek eA net Ore eho es sik ae 1 100 
ins nee hewn haus cren ae enaw es = 
Ee eat Eline wun uk om a bale ohs 300 
0 hier ume Rea 9 200 
ee os as enka h none Sap eke Wee 900 
didymus............ tn het Ree ih sue eo. & ~ 
EUR ro. pawn bucdnly pe yeaa ks 1 600 
ia ca al iw hi 600 
Se ee ee ee ae ee ee Pe — 
NN each da sinh eicserenumevs velba 7 200 
Fragilaria oceanica, resting spores.....................5- 3 400 
DEN coos cise ee whevew wis Act kiare re exetemes 400 
cic e Swe Ws Deccachias sh oe aoe 300 
Series veks bos Ace Pe bbs soa wabae nee 2 100 
eS Sota os Cis bua bene Sep Ags wale wp homes 1 600 
ND ci CCE. icin a citWesceawnwsereeewn _ 
Rhizosolenta fragilissima.................. ae ttaee ; ~ 
NE ee Rian Cine stn hk ak ek eee exe 50 
ee sce ewiterbicaebaceteswas was ceiaes 700 
Thalassionema nitzschioides........... tienen humane be 1 900 
Thalassiosira hioculata..... aca elt a srw avon aie — 
NE i oe ote CES bine ats pete oy Blais wh 400 
Eb sG as KSis atau eeN ehhh canon ioee 8 200 
ND ss bfe ny tobias haels bond's Se om 1 100 
eee ain Steers ava a nike ees 2 700 
EC ce ek natn cake eee cau tae aes 5 500 
PIN G0 doug bay's sce bn bbw eeeaa nes 13 200 


nw 


— bv 


oOo 


ao 


—_ 
onmur Ww 


_ 


_ 


20 


Nitz- 


Strombidium sp. 10 m., 40. 





ou 











Lohmanniella oviformis 


Dinophysis acuminata 10 m., 100. Glenodinium sp. 1 m., 100. Gymnodinium sp. 1 m., 100; 
25 m., 100. Minuscula bipes 10 m., 100. Peridinium brevipes 10 m., 100. P. conicoides 1 m., 100. 
P. denticulatum 1 m., 100. P. pallidum 10 m., 100. P. pellucidum 1 m., 100. P. novascotiense 


1m., 100. P. Thorianum 1 m., 100. 


Distephanus speculum 1 m., 100. Laboea conica 1 m., 100. 


TABLE XXX—Continued 


300 


pingella sp. 1 m., 100. Stenosemella sp. 10 m., 100. Strombidium sp. 10 m., 100. 


TABLE XXXI. Station Nova 197, April 23, 1932 


DMR ince tary aki ows ay et oie 1 
Number of cc. examined......... 5 


Achnanthes taentata..... Pe een a _ 
Bacterosiva fragilis............... 800 
Biddulphia aurita................ a 
Chaetoceros borealis f. concavicornis. - 


COMPTESENS....0.0.00..-.-5. 16 BD 
—resting spores.......... 200 
CII, Soe eine 64545 _ 
debilis..... Se GR ATKe Sais 9 400 
NR sate kc arses ati 400 
NS EOP OCT Tee 11 600 
GE ows wah vinsts ess _ 
Ce eee 
OO See eee 1 800 
Ns rahi tein b wikis ee _ 
adn ane x pes — 
eter rat A sxe l ee eees« - 
Coscinostra Oestrupt.............. 5 200 
Fragilaria oceanica............... 12 000 
Sh Siig a vee a's 


—resting spores.......... — 
pS Pe eee ee — 
Navicula Vanhoeffent............. - 


Mehr s che wi kack acess ee — 
Nitzschia clostertum.............. 1 000 
IONE oth a's vn cise awk aie 1 000 
Porostra glacitalis...............+.- 1 200 
—resting spores.......... — 
Rhizosolenia fragilissima.......... 200 
re 400 


Sceletonema costatum.............. ~ 
Thalassionema nttzschioides.... . 


10 


5 


25 


ou 


L. emergens 1 m., 100. 


—— 





75 


Sal- 


444 


Thalassiosira Nordenskioeldi....... 
—resting spores...... 


Dinophysis acuminata 
Exuviaella baltica 
Gymnodinium Lohmanni.... 

i edician ob ssies 


Minuscula bipes....... 
Peridinium curvipes..... 
Corbicula socialis 


Acanthostomella norvegica...... 


Laboea reticulata.......... 
Lohmanniella oviformis.. 
Ptychocylis obtusa.... 


Strombidium sp.. 


Peridinium brevipes 1 m., 200. 
Coccolithus pelagicus 40 m., 200. 


200. 


TABLE XXXI—Continued 


43 800 42 400 2 
400 1 000 
i 200 _ 
1 000 400 
200 200 
= 200 
200 - 
ii 200 - 
600 - 
— 200 


Parafavella denticulata 25 m., 200. 


TABLE XXXII. 


Depth 
Temperature... 
selimity........ 
eee 


Number of cc. examined............ 


Bacterosira fragilis.... 
Biddulphia aurita...... 
Chaetoceros debilis...... 
I a agian ok a 
furcellatus... 
Coscinosira Oestrupi. . 
Melosira sulcata......... 
Navicula sp............ 
Porosira glacialis........ 


Thalassiosira decipiens......... 


DARE ics cs 3 00s 
Nordenskioeldt.. . 


Gymnodinium Lohmanni.......... 


Peridinium pellucidum... 


Lohmanniella oviformis.... 
Strombidium sp 


Navicula distans 25 m., 200. Rhizosolenia 
200. Gonyaulax sp. 1 m., 200. 


1 800 
2 000 


600 
200 
200 


Station 01C, April 25, 1932 


_ 


498 


200 


200 


10 


30 


24. 


400 
800 
600 
400 
800 
800 
200 
200 
800 
600 


200 
400 


600 


800 


.29 


bo 
or 


SB oof 


41 


i] 
eo 
te 
oe 


70 400 


400 

1 400 
200 

377 200 


200 





P. pellucidum 25 m., 200. P. roseum 1 m., 200. P. 1 m., 
Bodo marina 25 m., 200. Lohmanniella spiralis 25 m., 200. 


.02 
79 
.55 


setigera 25 m., 100. Diplopeltopsis minor 25 m., 








TABLE XXXIII. Station SW2, May 4, 1932 


I osoe wes sca ev pase minnre 1 
IN 5 0.5 nw 5 6 ien.d sighs sa" 3.13 
ar dc cob ee aaa’ e a tuieie <i 31.53 
OR a este itera Ne ae earn 25.13 
Number of cc. examined........ 5 
Chastocenes Genet. cic ccc ccsces 15 200 
edd sa alae ae ar 10 000 
TOMO Sas. 555.8555 «070% — 
Ens 5 oc SNe ee 8 000 


Coscinosira Oestrupi.............. ~ 
SN MN 5 ras Kix 60 a5 44 —_ 
pO ee ee - 
Nitzschia closterium.............. — 


Porosira glactalés..............+.- 200 
Sceletonema costatum.............. — 
Thalassiosira bioculata............ 200 
CIE iiacin sess se a 
I ican erdlp oti '9 be mcnsece "> 600 
—resting spores.......... 400 
Nordenskioeldi...........415 000 


—resting spores.......... _ 


10 


2.89 
31.67 
25.27 


5 


11 800 
1 400 


19 000 


266 800 


25 
2.79 

31.58 

25.20 


10 


4 300 
5 500 
1 400 
16 400 
800 
200 
100 

1 300 
800 
200 
700 

1 900 


334 100 


600 


300 
600 
400 
11 400 
500 
600 
100 
400 
100 
800 
900 
200 
145 600 
200 


— Or 


— 


42 


44 


1 


4 


7 





100 
1.88 
31.94 


25.55 


360 
360 

80 
800 
120 


360 


800 
120 


Actinoptychus undulatus 100 m., 40. Corethron hystrix 40 m., 100. Distephanus speculum 


25 m., 100. Strombidium acutum 40 m., 100. 


TABLE XXXJV. Station 27.05, May 19, 1932 


BINS ic tuswis disbk Kapa anee ee we 1 
NN 53's a5. 'sx'ain Wins Bie oo 4.62 
NS OTE TT TO ee 31.20 
es ak a aieetarh 4 Aare seis, a oad 24.73 
NN RIO 65.606 Snte 0k 6c.0i 8.23 
Oxygen, per cent of saturation..... 111 
Nitrate, me. N./ed: M.........-.: 52 
Phosphate, mg. P:O;/cb. m........ 17 
Number of cc. examined.......... 10 


Chaetoceros compressuS...........- - 


MN io wiac:s pe mil ea'e 7 000 
—resting spores.......... - 
Mo since aes. cigs. _ 
I iivo's 560i oa se 2 900 
—resting spores.......... 
NE i sirare iste pw eisleigis 300 
ee 
—resting spores.......... 2 000 
NN sc oc S88 3 700 
NRE rer ee ~ 
Coscinosira Oestrupi.............- 700 


Eucampia soodiacus.............. 
ee ae - 
PN Mas hig diabas ois, 4's Salle ae 


10 


4.i 


31 
24 


110 
62 


10 


v0 


.24 
17 
8. 


16 


25 
4.50 

31.29 

24.81 
8.07 

108.5 

68 

17 

10 


400 
9 000 
600 
3 000 


1 600 
5 800 
100 


3 000 


40 


31 .§ 
25. 


105 


4 


75 
3.91 
31.56 
25.09 
7.94 

106 


20 
50 


200 
780 








446 


TABLE XXX1IV—Continued 


Peree Mates... 6. 650 ssccccees 500 500 _ 500 540 
Sceletonema costatum.............. - 200 - - 540 
Thalassiosira bioculata............ - 300 200 - — 
CE 1 400 200 - 500 
gravida...... emirate - _ - 800 260 
Nordenskioeldi...........153 600 142 000 106 000 193 200 103 020 
—resting spores.......... 29 300 40 300 32 000 79 100 69 760 
Lohmanniella oviformis........... - 100 - 100 60 


Coscinodiscus centralis 75 m., 20. C. curvatulus 75 m., 20. C.sp. 25 m., 100. Licmophora 
sp. 10 m., 100. Nétzschia delicatissima 75 m., 80. N. seriata 75 m., 20. 


TABLE XXXV. Station 27.23A, May 31, 1932 


Depth...... Ave cei Ree bivek bin 1 10 25 40 75 
NS oop hs Sonos phil gree’ 9.38 9.30 6.72 4.28 3.82 
Salinity... ee ey eee 32.48 32.48 32.47 32.56 32.70 
DE hceech cp tac echeiu caeoe xe 25.11 25.12 25.49 25.84 25.99 
NS | 7.05 7.02 7.79 7.00 6.04 
Oxygen, per cent of saturation.... 106 106 111 95 92 
Phosphate, mg. P,O;/cb. m........ 2 2 - — 23 
Number of cc. examined.......... 50 50 50 50 50 
Chaetoceros borealis............... - _ - ~ 100 
NS kad th born sedis = - ~ 100 1 120 
Thalassiosira decipiens........ oe _ - - 20 100 
Ceratium bucephalum............. — 60 20 - - 
SE See wiv» aa'skis wal «ore 120 120 20 - - 
longipes..... -eibehe ane 440 760 320 - _ 
SS eo Sukh eb sa's 140 40 20 - - 


Chaetoceros borealis f. concavicornis 75 m., 80. Corethron hystrix 40 m., 20. Nitzschia 
sertata 25 m., 60. 


Exuviaella baltica 75 m., 20. Pertdinium pellucidum 75 m., 20. P. pyriforme 1 m., 20. 
Coccolithus pelagicus 40 m., 20. Lohmanniella oviformis 25 m., 40. 


TaBLe XXXVI. Station 27.26, May 31, 1932 


Stree ki cetes mesuue whe ate 1 10 25 40 75 
DIN. sou cheep eeres hee oa 9.08 9.05 5.85 4.42 3.82 
eS Silas kaa bas 32.29 32.29 32.32 32.41 32.63 
Ege i irek es chai aseo-ck cekbens 25.00 25.01 25.48 25.71 25.95 
NG RT Bas ies kine aiees Seine s 7.00 7.06 7.88 7.61 6.77 
Oxygen, per cent of saturation..... 105 106 110 103.5 91 
Phosphate, mg. P,O;/cb. m....... 0 0 4 10 23 
Number of cc. examined.......... 50 50 50 50 50 
Ceratium bucephalum............. 20 100 _ — - 
Nn bend 6 ae Woes 20 20 40 — ~ 
cin ere ok 140 220 340 - - 


Exuviaella baltica................ a - 240 1 420 
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TABLE XXXVI—Continued 


Pa Te 100 ai _ = = 
Coccolithus pelagicus.............. _ - 20 140 20 
Pontosphaera Huxleyi............. 5 380 2 700 5 200 1 420 - 


Chaetoceros furcellatus resting spores 1 m., 40. 


Diplopeltopsis minor 75 m., 20. Minuscula bipes 75 m., 20. Peridinium brevipes 75 m., 20. 
P. ovatum 1 m., 20. 


Laboea constricta 75 m., 20. L. sp. 25 m., 20. Lohmanniella sp. 10 m., 20. Parafavella 
denticulata 75 m., 20. 


TABLE XXXVII. Station 27.30, May 27, 1932 


NS areca kag aia RR ANS wike oeo 1 10 25 40 150 

Ee eee 6.16 6.06 5.16 4.77 

Re renee tain ec aca us 31.96 32.00 32.05 32.18 

ERS Seater er aan ee ee OS 25.16 25.20 25.35 25.49 

CR I ie ae cgy Sie sigitia's <<a: 8.10 7.09 7.86 7.54 

Oxygen, per cent of saturation..... 114 99.5 108.5 103 

Nitrate, mg. N./cb. m............ 17 19 39 98 

Phosphate, mg. P,O;/cb. m........ 0 2 7 16 

Number of cc. examined.......... 10 10 50 50 

Chaetoceros affinis..............-. _ 1 100 - — 
borealis f. concavicornis ... ~ 500 _ 40 
Se ee er 7 400 1 700 1 600 - 
—resting spores.......... — - - 40 
WIEN 60a v 45-94 5.505550: ~ = = 120 
ME gas esa wie ailsne-e ds 16 200 16 300 7 700 _ 
—resting spores........ ¢ — — 400 _ 
ae ror —- 1 600 100 a 
Ae ee eee 2 700 5 400 440 - 
—resting spores.......... - - 180 - 
po ee eee 800 - - 20 
—resting spores.......... 200 1 400 2 040 _ 
ee ee eee - 4 900 1 600 = 

Coscinosira Oestrupi............4- 300 500 680 a 

Eucampia zoodiacus.............. - 400 1 000 = 

Nitzschia closterium............+: - 200 - = ’ 
delicattssima............. _ 400 80 = 
MMR orgie cha, 5-0 axe biscacein ~ 2 400 360 — 

PPDIING MOOIIINES 5 5.6.68 o:6:5:6.000 60 _ - 340 40 

Rhizosolenia fragilissima.......... - 300 140 _ 

Thalassiosira bioculata............ 100 _ — 100 
IN ahs conic 36s _ 600 900 60 
Nordenskioeldi........... 42 900 18 500 31 900 
—resting spores.......... 600 - 14 500 - 

GONOMIMIMME GI... 5. 605 sco viccicses - - 220 40 

Beavsaaila Oa1N6e... «0 oc cescees 100 _ 20 40 

pe eee re 100 100 - 20 

Persdinsum brevipes.............. - _ 40 100 
I sins s030'0 SS dren's - 100 - = 
MIE vcs pcb athens ee 100 _ 60 20 
WINE c.e20 i. reddnxe's 100 100 _ 60 
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TABLE XXXVII—Continued 


Chaetoceros radicans 40 m., 60. Coscinodiscus curvatulus 150 m., 20. Rhizosolenia semi- 
spina 40 m., 60. Thalassionema nitzschioides 40 m., 60. Thalassiosira gravida 40 m., 60. 
Gonyaulax tamarensis 40 m., 20; 150 m., 20. Peridinium conicoides 40 m., 20. P. divergens 
10 m., 100. P. Thorianum 10 m., 100. P. triquetrum 40 m., 20; 150 m., 20. P. cerasus 150 m., 20. 
Coccolithus pelagicus 150 m., 20. Lohmanniella oviformis 40 m., 80. 


TABLE XXXVIII. Station 27.31, May 27, 1932 


Depth sehe aria eb sew homesite ie 1 10 25 40 75 
Temperature........ eres eee 6.08 6.06 5.70 4.49 4.68 
Salinity ee Sarl arog te tan 32.30 32.36 - 32.68 32.95 
eee roe 25.43 25.49 - 25.92 26.11 
Oxygen, cc./1l...... re hueiaie pie 7.91 8.00 - 6.67 6.17 
Oxygen, per cent of saturation. 111 113 _ 91 85 
Nitrate, mg. N./cb. m........ 17 17 107 128 - 
Phosphate, mg. P20;/cb. m... 6 7 20 23 29 
Number of cc. examined.. . 10 10 50 
Chaetoceros borealis f. concavicornts. 500 - - 
COMNBTOIENS ..<< 0.00550: 35 500 16 900 ‘ie 
a 400 200 100 
eer ..... 80 400 60 500 vii 
—resting spores........ _ - 360 
PODCOEE, cuss ales 500 - — 
eee 8 600 8 900 100 
—resting spores........ — 200 - 
furcellatus, resting spores. 800 400 120 
re .. 4100 5 000 - 
a xem 7 700 = 
Eucampia zoodiacus....... uewane Ce 1 600 _ 
Nitzschia delicatissima............ 200 100 _ 
ee a oats any. Sa 2 400 40 
Porosira glacialis.......... ptae atid _ 200 — 
Rhizosolenia fragilissima.......... - 800 _ 
Thalassiosira decipiens..... 800 - 180 
Nordenskioeldi...........196 100 186 200 — 
—resting spores...... 1 600 1 300 
ee 100 100 100 
Exuviaella baltica......... ; 500 600 80 
Glenodinium sp............. 100 300 _ 
Pontosphaera Huxleyi............. 200 ~ = 


Thalassiosira bioculata 75 m., 40. Minuscula bipes 75 m., 40. Peridiniunm americanum 
1m., 100. P. brevipes 10 m.,100; P. divergens 10 m., 100. 
Lohmanniella oviformis 10 m., 100; 75 m., 20. Parafavella denticulata 1 m., 100; 75 m, 


20. 

TABLE XXXIX, Station 27.35, May 23, 1932 
ee occse% 1 10 25 60 135 
a eee 5.97 5.71 5.09 * 4.87 4.73 
NG ES nT ‘ 31.98 31.98 32.45 32.77 32.84 





— 








— 
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TABLE XXXIX—Continued 


ea RA ASI s PAS KWo SE Reis 25.19 25 .22 25 .67 25 .95 26.02 
GR GSEs. oes cade cier tome 7.54 7.40 7.02 5.69 6.35 
Oxygen, per cent of saturation..... 106 103 97 78 87 
Nitrate, mg. N./cb. m............ 24 36 94 129 150 
Phosphate, mg. P:O0s/cb. m........ 13 13 23 37 - 
Number of cc. examined.......... 50 50 50 50 50 
Chaetoceros borealis f. concavicornis _ 160 20 - — 
CIE os 6a 0 se 5 05s 5 260 3 900 - = _ 
—resting spores.......... 20 — 40 20 60 
CE re 6 840 5 580 320 _ - 
—resting spores.......... - ~ ~ 80 140 
GION sso 60c 505 BBs se 480 80 _ = s 
NS crisis g biaigias 94-0 4 300 2 180 40 - 40 
—resting spores.......... 20 — - - 180 
furcellatus, resting spores. 420 120 80 40 320 
I ive f.y's\Gs sine .'0's 400 280 80 40 - 
NIRS casca ses US 760 = — - 220 
Eucampia zoodiacus.............- 200 - - - - 
PE MINIs 5.0 0 sicies.0.0 + 3 _ _ - - 520 
Rhizosolenia fragilissima........... 220 620 160 100 20 
a 60 _ - 20 20 
Sceletonema costatum.............. _ _ 80 - 120 
Thalassiosira decipiens............ 380 200 60 280 120 
Nordenskioeldi........... 9 180 14 920 360 _- 100 
—resting spores.......... 1 420 840 100 140 1 680 
Exuviaella baltica...............: 600 160 60 20 - 
Peridimium conicoides..........:.. 180 40 - - - 
iar cis vb niece 20 20 _ — 20 
INNS iiaiksx esa ses 380 120 _ — 20 
Se ee eee 120 _ _ _ — 
ee eer pes 160 _ 40 20 - 


Actinoptychus undulatus 60 m., 20. Chaetoceros convolutus 1 m.,40;10m., 20. Coscinodiscus 
curvatulus 25 m., 20. Coscinostra Oestrupi 135 m., 20. Nitzschia closterium 1 m., 20. WN. de- 
licatissima 1 m., 80. Porosira glacialis 10 m., 20;60 m., 20. Thalasstosira bioculata 60 m., 20. 

Dinophysis acuminata 10 m., 60. D. norvegica 1 m., 40. Diplopeltopsis minor 1 m., 20. 
Glenodinium sp. 10 m., 20. Gonyaulax tamarensis, cystae 1 m., 20; 10 m., 20. Peridinium brevipes 
60 m., 20; 135 m., 40. P. conicum f. Asamushi 25 m., 20. P. curvipes 1 m., 20. P. depressum 
10 m., 40; 25 m., 20. P. faeroense 1 m., 20; 10m., 20. P. monacanthus 135 m., 40. P. pellucidum 
1 m., 40; 10 m., 40. P. pentagonum 60 m., 20. P. simplex 135 m., 20. 

Eutreptia Lanowi 1 m., 40. Pontosphaera Huxleyi 1 m., 20. Dictyocha fibula v. spinosa 
135 m., 20. Distephanus speculum 1 m., 20; 60 m., 20. 

Didinium parvulum 10 m., 20. Lohmanniella oviformis 1 m., 20; 60 m., 40. Parafavella 
denticulata 1 m., 20; 60 m., 20. Ptychocylis obtusa 25 m., 20. 


TABLE XL. Station 28.01C, June 20, 1932 


INNS Sie esis la a's cob ere law ok bia Aaa wR eed Bee 1 10 25 

IN Sig ot okie ein win pein arate ate ewe cee ee eke 8.88 7.30 7.23 
I RINNE 55 A255, ca ard Swintdinl dala's WSs eve Khaw Slee ba 30.82 31.35 31.51 
ican Ganesh hee e er se Gated AOA 4 kDa wl Ake oo icle WARE oi 23.89 24.52 24.67 
EES ROE EEC CEE ECE CEP ETT Te 6.11 6.85 6.75 
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TABLE XL—Continued 


Cn ee NE AE BORMRRRRO «5. ois5 5 pviow oes senasme sms « 


ee Ae ae 


I OR MI oso ose sash bess che sone wie 


Ie hd ari ade cele ele 
ee Ne ate Se he ON 


eS eee 


Pleurosigma Normani.......... 
Sceletonema costatum 


Distephanus speculum...... 


Biddulphia aurita 25 m., 80. 


TABLE XLI. 


SEE ORT OE 
SRUMICY, DEF URINE... ......0000 
CS oe oa ee Site ee ein 
Oxygen, per cent of saturation..... 
Nitrate, mg. N./ cb. m........... 
Phosphate, mg. P20;/cb. m. 


Chaetoceros compressus............ 
convolutus.......... 
0 eee 
Se ree 


furcellatus, resting spores.. 


radicans...... ee eee 
IIE os 5 son sn oe av cwisics 
Leptocylindrus danicus............ 
EEE COLD 
I I, ona icnicisis a0.05 000% 
Nitzschia delicatissima............ 
SEGRE ceG ces saneanivs 
Rhizosolenia fragilissima.......... 
II 6 55s ns o alte cscs 
Thalassionema nitzschioides...... 
Thalasstosira gravida............. 
Ceratium bucephalum............. 
longipes........ 


Pontosphaera Huxleyi............. 


Rhizosolenia fragilissima........... 


1 
10.02 
32.56 
25.38 

6 .67 
98.3 


20 


360 


10 


120 


840 


Thalassiosira decipiens............. 


Navicula d¢stans 25 m., 40. 


25 
6 


25 
93 


88 
27 


140 


Station 28.08A, June 23, 1932 


.93 
32. 
.63 
6. 
0 


68 


46 


98. 


20 


136 900 
2 700 


40 


32. 


93. 


80 
29 


100 
120 


4 


11 


97. 


94 
27 


340 


20 


-“Sese 





1 


Acttnocyclus Ehrenbergi 25 m., 20. Chaetoceros laciniosus 75 m., 60. Ch. teres 25 m., 20. 
Rhizosolenia setigera 40 m., 20. Thalassiosira decipiens 10 m., 80. 
Ceratium fusus 1 m.,40. C.tripos1m.,40. Dinophysis acuminata 40 m., 20. D. norvegica 
75 m., 20. Peridinium depressum 40 m., 40. P. Steini 1 m., 20; 25 m., 20. 
Stenosemella sp. 25 m., 20; 40 m., 20. 











TABLE XLII. Station 28.12A, June 21, 1932 


EE Sn on ere ag Sve QR a cine > a ORES eS 1 
ON a on. alo he vo ute wd arene 0 SS HERE 7.86 
IN MRE IIIS 6 5.0 o5e:0. 6 ip s.0:5:0.0's 0.0 pinto 89 05 30.75 
Studie feta eitad's 5, alg </ic Bg bSi6 ae wo wine ae 23.99 
NN MAE org e cnieed« ania ao ves sia ise ould 6.70 
Oxygen, per cent of saturation................ 97.0 
ae eee 106 
Phosphate, mg. P20;/ cb. m................. 21 
II sats a isc win pa n'atiae yas ser 40 
NS cal es og wia,eleieg welene eis 160 
OEE DEEL COREE 20 

A Gs oil -sis:«.'ala pio 6g & wiecavae ots 20 
I ia. re cc ais 5.0 0's vinlnsis sine ais - 
ee EEE TCE ree 1 540 

IN ier Gio iss iste os kane So) 65S _ 
I I ois oes ood kndticadeiea acne 140 
Or reer eer 140 


10 
7.49 

30.86 

24.12 
6.74 

96.7 

96 

29 


20 
100 
80 

40 

1 630 
20 
100 
40 


25 
6.79 
31.65 
24.84 
6.81 
96.9 


1 100 
20 


20 


40 
6.64 
31.89 
25 .04 
6.60 
93.7 
60 
31 


2 220 
120 
20 
200 

1 420 
20 


Chaetoceros decipiens 1 m., 40;40 m., 20. Ch. furcellatus, resting spores 25 m., 40; 40 m., 60. 
Navicula distans 1 m., 40; 25 m., 20. N.sp. 1 m., 20; 10 m., 20; 40 m., 160. Nitsschia delicatissima 


1 m., 20. Pleurosigma sp. 40 m., 20. Thalassionema nitzschioides 25 m., 60. 
bioculata 40 m., 20. T. Nordenskioeldi, resting spores 10 m., 20; 40 m., 20. 


Gymnodinium sp. 25 m., 20. 
Eutreptia Lanowi 1 m., 60. 


Thalasstosira 


Acanthostomella norvegica 1 m., 40. Laboea conica 1 m., 40. Lohmanniella oviformis 
40 m., 40. Mesodinium rubrum 1 m., 20. Stenosemella sp. 10 m., 20. 


TaBLE XLIII. Station 28.25A, July 1, 1932 


REEL Fal ca Asan leh os es eee 1 1 
NN os skied) e aca g ess 12.46 
Salinity, per mille............... 29.18 
Meee ak w sis was ecaalasi ns 22.02 
SCS aE 6.80 
Oxygen, per cent of saturation..... 107.0 
Phosphate, mg. P:O;/cb. m....... 8 
Cerataulina Bergonit.............. 200 
Chaetoceros constrictus............ 320 
ee 5 640 
—resting spores.......... — 
I ais ah wade. a ens - 
Leptocylindrus minimus........... — 
Rhizosolenia fragilissima.......... 40 
No x aiiaraeaaia ae 6's, 60 
Sceletonema costatum.............. 166 000 
Thalassionema nitzschioides........ 360 
Thalassiosira decipiens............ 120 


10 
9.31 
31.89 
24.66 
7.73 
115.8 
3 


620 


180 


20 


120 


32.16 
25.18 

7.15 
103 .2 
14 


40 


780 
80 


1 620 
20 
20 


40 


Nitzschta seriata 40 m., 80. Rhizosolenia semispina 1 m., 20; 25 m., 20. 


gravida 10 m., 80. 


40 
5.33 

32.20 

25.44 

43 

80 


7 260 
9 660 


Thalassiosira 


Ceratium fusus 25 m.,20. Dinophysis acuminata 25 m., 40. D. norvegica 1 m., 20; 10 m. 40. 


Distephanus speculum 25 m., 20. Helicostomella subulata 10 m., 20. 


TABLE XLIV. 


EE ere rer eer 1 
I oS 6 a-wis-wis.y & hes 15.16 
Salinity, per mille........... 32.16 
SR eee 23.79 
oS | Ee eee 6.14 
Oxygen, per cent of saturation. 103.5 
Nitrate, mg. N./cb. m........ 20 
Phosphate, mg. P2Os/cb.m.. . . Q 
Melosira sulcata.............. _ 
Thalassiosira decipiens........ - 
Thalassionema nitzschtoides... . ~ 
Ceratium bucephalum......... 20 
PONE ooos soos ens ces eee 
ON ee 360 
| A 
Peridinium achromaticum..... 20 
Pontosphaera Huxleyt......... 580 


1 


10 25 
11.84 5 
32.21 32 
24.48 25 
6.93 6 
110.0 93 
21 - 
10 44 
_ 200 
- 200 
- 20 
160 _ 
20 - 
220 - 
20 _ 
- 20 
340 - 


Station 28.26, July 1, 1932 


40 
.43 5.44 
.30 32.36 
51 25.56 
“7. 6.71 
3 93.3 

40 

980 

120 

20 


4.46 


32 
6.51 





120 
4.35 
32.97 
26.55 
5.67 
aa A 


57 


Actinocyclus Ehrenbergi 75 m., 20. Chaetoceros borealis 75 m., 20. Ch. debilis, resting 
N. seriata 10 m., 20. Rhtzosolenia 


spores 25 m., 80; 40 m., 40. 


Nitzschia closterium 25 m., 20. 


alata 10 m., 20; 75 m., 40. Thalassiosira gravida 120 m., 20. 
Ceratium arcticum 1 m., 20. Dinophysis acuminata 1 m., 20. Exuviaella baltica 1 m., 20. 
Gonyaulax tamarensis, cyste 10 m., 20. Peridinium triquetrum 1 m., 60; 10 m., 20. 


Coccolithus pelagicus 25 m., 20. 
Parafavella denticulata 1 m., 40. 


TABLE XLV. 


ER eee 
Temperature........ 
Salinity, per mille... 
Die sbesitouncws 
Oxygen, cc./1 beceiet = 
Oxygen, per cent of saturation..... 
ge ee 
Phosphate, mg. P2Os/cb. m. 


Actinocyclus Ehrenbergi.... 
Chaetoceros compressus.. . 
a ee 
a 
0 ee 
PE: Sistavasssekcns San 
furcellatus. 
| a 
radicams...... 
someles...... 


28 


. 69 


Coscinosira polychorda.... 
Lauderia glacialis....... 


Stenosemella sp. 1 m., 40. 


Station 28.30, June 28, 1932 


1 
9 
32 
24 
8 


126. 


21 


500 
680 
500 
120 


380 


228\8 


10 


39 8. 
10 
5.02 
8.06 
2 


.05 
77 
.36 


213 500 
3 200 
707 500 


16 500 
2 400 
13 000 
15 500 


200 


03 


25 
6.60 
32.34 
25.39 
6.44 
91.7 
113 
25 


40 
5 760 


20 800 
640 


1 400 
380 


40 


6.36 
41 
5.48 
6.38 
90.5 
109 
21 


75 


32.54 
.62 


87.1 
125 
33 
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TABLE XLV—Continued 


Leptocylindrus danicus............ 680 2900 —° 40 - _ 
Go 5acce as cues 800 8 100 840 = 
Nitzschia delicatissima............ 40 600 100 _ 40 
RS ee 1 480 3 000 340 - _ 
Rhizosolenia alata................ 20 100 = - ~ 
fragiléssima............. 2 440 12 400 920 _ _ 
Sceletonema costatum.............. _ 200 240 - 
Thalassiosira decipiens............ 120 200 1 060 60 80 
I So rn sear n'y eie'n. 6 43g "s 1 060 1 400 100 20 20 
Nordenskioeldi........... 3 700 7 100 2 160 20 ~ 
Ceratium arcticum........02cecee- - 100 20 — = 
Peridinium achromaticum......... ~ 100 _ _ _ 
MN Ey shin cs oy-< 3.08 — 100 — _ - 
Eutreptia Lanowt............+-.- 20 100 - _ — 


Cerataulina Bergoni 1 m., 80. Chaetoceros simplex 1 m., 40. Melosira sulcata 25 m., 80. 

Pleurosigma Normani 25 m., 20. Nitzschia closterium 10 m., 100. Rhizosolenia semispina 1 m., 40. 
Ceratium bucephalum 1 m., 20. C. longipes 1 m., 40; 25 m., 60. Peridinium Steini 25 m., 20. 
Distephanus speculum 1 m., 40. 


TABLE XLVI. Station 28.36, June 26, 1932 


IID ois ncn pice neh Sno wih ee ass 1 10 25 40 75 
ES ee ee 9.49 8.86 6.74 6.23 5.93 
BalsOity, OOF MUNG... «.... 666050000: 31.98 31.98 32.29 32.65 32.75 
A a nieieisaare drtura ea eis ne 4' 6:5 24.70 24.80 25.34 25.69 25.81 
NE BF oan cig ia wie wig 4 ae 6.75 6.75 6.48 6.33 6.14 
Oxygen, per cent of saturation..... 102.0 100.8 92.6 89.6 86.4 
Miteate, mg. N.jeb. m..........+. 33 58 78 113 116 
Phosphate, mg. P20;/cb. m....... 25 25 31 33 27 
Chaetoceros compressuS........6+4+ - - 180 40 40 
COPETRPOW BYGHIE 6.50 ccs cosses 160 80 20 _ _ 
Detonula confervacea.............. 12 960 8 560 6 440 460 80 
SS Se 2 720 1 600 320 40 - 
Leptocylindrus minimus........... - 160 100 40 60 
PIN GUINE S ooooc cece ccc cece — - _ — 360 ° 
Nitzschia closterium.............. 120 - 120 - _ 

delicatissima............. 360 _ 40 - = 

eee ee 120 40 40 80 160 
Rhizosolenta fragilissima.......... - — - 100 180 

NS is Ges sigs insein.s - 40 140 80 ~ 
Sceletonema costatum.............. 2 640 * 2 840 2 000 40 — 
Thalassionema nitzschiotdes........ — _ 240 80 60 
Thalassiosira decipiens............ — _ 480 160 200 

EM scene gs Seite a:k4 en Walre's _- 80 20 20 _ 
Ceratium longipes........... Fa 80 80 - - 40 
NS eee ree 1 080 400 2 600 20 _ 
GET, Soicsiscetnciavense 40 1 080 100 - 20 
Gymnodinium Lohmanni.......... - 240 20 140 

eae ues Giese Gabe 40 - 760 - - 


ee ee _ 80 80 20 
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TasBLeE XLVI—Continued 


Peridinium pellucidum............ 160 40 
triquetrum, spores...... - 7 440 
ee er 640 - 

Batrettia Lanes... .scesccceces 3 040 20 680 

Pontosphaera Huxleyt............. 240 1 040 

Lohmanniella oviformis............ 40 240 


Chaetoceros densus 40 m., 20. Ch. diadema 40 m., 40. Ch. furcellatus, resting spores 40 m., 


60 


40 





80; 75 m., 40. Ch. laciniosus 25 m., 40. Ch. radicans 40 m., 40. Coscinodiscus sp. 25 m., 20. 


Navicula sp. 25 m., 40. Thalassiosirg bioculata 75 m., 20. 


Ceratium fusus 10 m., 40. Dinophysis acuminata 25 m., 40. D. sp. 10 m., 40. Oxytoxum 


sp. 40 m., 20. Peridinium breve 40 m., 20. P. brevipes25m.,20. P.conicum40m.,20. P.conicum 
f. Asamushi 75 m., 40. P. depressum 40 m., 20. P. gracile 40 m., 20; 75 m., 20. P. ovatum 25 m., 


20. P. roseum 25 m., 80; 75 m., 60. 


Coccolithus pelagicus 75 m., 40. Acanthostomella norvegica 10 m., 80; 25 m., 20; 40 m., 20. 


Laboea sp. 10 m., 80. 


TABLE XLVII. Station 29.01C, July 30, 1932 


Depth Misi y kane ohare 1 
Temperature...... ae okie eR hAat aes 10. 
Salinity Fae auceaie Snr eete ae eae 30 
ot Oe ne ee eps od Galea 23 
Oxygen, cc./1.. Wii Dice Ae eee ale 6 
Oxygen, per cent of saturation............... 103 
Phosphate, mg. P:O;/cb. m..... Wi Sie oes 15 
Number of cc. examined 5 
Asterionella japonica......... vevuuwas eee soe 
OND 65 o.oness ose edesvsesnncas A Ee 
ee eS ee - 
sth ee a 5 ae Ble gicle's - 
I iain Dow oeis chsh ex me igbs ~ 
dectpiens aaa’ ; pais © — 
IIE vnc voess ; 5 iets — 
x66 Caaiu nar Wed eadebaiens 800 
a A Pia a ak Bic — 
i ets ache adiesiees _ 
IIT EP CeCe ETE Tet Toe = 
Leptocylindrus danicus. . 5 000 
eee 2 200 
Nitzschia closterium..... eee rs ee 
I er ae ee 200 
Pleurosigma sp......... _ 
Sceletonema costatum ae ibe woe: 
Thalassiosira decipiens a asa eat are tea a cd 600 
Dinophysis norvegica......... ; Wikins = 
Raat hanes ee sdk bu cies eeiety 200 
Exuviaella baltica........ bailey cai pet 600 
eS eens ok ews okies ee 200 


Gonyaulax tamarensis ‘ recut eas «) Se 


397 


10 


31 


6 


33 


300 


200 


400 


69 


25 
10.15 
31.74 
24.40 
6.31 
96.5 
32 


2 400 


tw 


$2582.81 388285188 


10 


S 


11 Sri 
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TABLE XLVII—Continued 


PINE, 5 vis oc cecksccen neat 39 400 4 900 - ~ 
NN 5 kao eiee dss ecded cscs ees 200 _ - _ 

tc G's awe tncenas 64 ae's 600 - - - 

EE rer 1 900 _ 900 
ee 35 200 14 500 3 600 1 700 
PORMODRAOPE TIOMIIE. 0... ccc cee ccccess - ~ 400 - 
I rst a5 chess aeedaesas 1 200 - - - 


Coscinodtscus sp. 10 m., 100. Detonula confervacea 10 m., 100. Eucampia zoodiacus 
40 m., 100. Rhizosolenia alata 10 m., 100. 


Ceratium longipes 40 m., 100. Peridinium trochoideum 40 m., 100. Lohmanniella oviformis 
100 m, 100. 


TABLE XLVIII. Station 30.06, August 16, 1932 


Nii cure uaea patwee cae ncee 1 10 25 40 75 
ND ison waeeatineeeeks 12.25 12.08 10.35 9.30 8.63 
Ro chest aicacan cuweS esis a 31.71 31.73 32.25 32.32 32.63 
MRE idan bs iekd ae eek nna oe aee 24.00 24.05 24.77 25 .00 25.34 
ee 6.72 - 6.12 - 5.81 
Oxygen, per cent of saturation..... 107.1 - 95.3 - 86.5 
Se ee 42 30 82 98 118 
Phosphate, mg. P:0;/cb. m........ 15 17 35 36 40 
Asterionella japonica.............. 45 000 40 000 7 300 2 140 480 
Cerataulina Bergoni.............. _ 240 = ~ — 
ee - _ 280 — — 
SR 6 ooo ves 80 a 240 — 760 a - 
MR oso es emma 1 580 2 820 220 440 620 
RRs coisa oxatoes 60 20 - 20 40 
GS ickca se ase bonne ne a _ 640 _ _ — 
RN chs peed aK - - 240 - 200 
SEO OL L ETT 180 = - _ 
od 5s bose hdres - 160 — — 
CES kcad ces ae ue ce 240 ~ - — _ 
COPO BIONGES ods cick cs cciccess 20 20 20 - _ 
Coscinodiscus excentricus.......... 60 100 40 — - 
Coscinosira polychorda............ 500 160 40 160 _ 
Ditylum Brightwelli.............-- 960 1 000 620 160 20 
I NOE ook ss is ss s00c' - - 360 100 - 
Niteschia delicatissima............ 520 500 300 100 - 
ES Saree 120 - 100 - ~ 
Rhisosolenia alata..............+: 340 200 560 - 100 
eee 80 20 20 - 20 
Sceletonema costatum............. 243 000 490 500 52 480 3 600 5 500 
Thalassionema nitzschioides....... 280 80 180 220 _ 
Thalassiosira decipiens............ 1 080 2 640 600 240 140 
RE rere 3 040 11 500 760 60 20 
Nordenskioeldi........... 40 40 - 40 - 
CIEE ois v0ine 5 s'9% 000 b 05 160 80 20 — _ 
Pe e086 560s ka 80 80 20 — 20 
MGs sc chudubchbswies tos 20 100 20 - _ 
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TABLE XLVIII—Continued 


Dinophysis acuminata............ 100 160 - 20 - 
SR Ccancceas tenceses 100 140 - 20 - 
Peridinium triquetrum............ 6 160 7 000 - 20 _ 
ae 220 280 - — - 
es ai abbeys seas e sak 300 160 - - _ 
Distephanus speculum............. 200 440 80 20 20 
Helicostomella subulata............ 240 300 60 20 - 
PRN co onic wen sdcevee 60 300 420 20 20 


Actinoptychus undulatus 40 m., 20. Chaetoceros atlanticus 75 m., 60. Coscinodiscus con- 
cinnus 1 m., 20; 10 m., 80. Navicula distans 10 m., 20; 75 m., 20. Nitzschia closterium 1 m., 40; 
25 m., 40. Pleurosigma Normani 75 m., 20. Rhizosolenia fragilissima 1 m., 20; 10 m., 60. R. 
imbricata 1 m., 40; 10 m., 20. 

Ceratium bucephalum 1 m., 20; 10m., 20. Gonyaulax Tamarensis, cystae, 1 m., 40; 
10 m., 20. G. triacantha 1 m., 40; 10 m., 40. Peridinium conicum 10 m., 20. P. depressum 
1m., 20. P. ovatum 10 m., 20. P. pellucidum 10 m., 20. P. Steini 1 m., 20; 10 m., 20. 

Favella serrata 1 m., 20; 10 m., 80. 


TABLE XLIX. Station 30.07, August 17, 1932 


EES ae eee Semen 5 1 10 25 40 75 115 
ROMAINE. ...i dos oie ens 12.98 12.40 11.86 9.15 7.44 7.30 
Salinity, per mille.......... 31.78 32.07 32.18 32.66 33.10 33.19 
Se erect eon ewan Si.cs% bine 23 .92 24.26 24.45 25.29 25.88 25.98 
TS | - 7.10 - - 5.40 5.38 
Oxygen, per cent of satur.. . - 113.9 - - 78.6 78.4 
Nitrate, mg. N./cb. m...... 30 42 40 88 145 145 
Phosphate, mg. P,O;/cb. m. 9 12 13 35 44 43 
Asterionella japonica....... 18 440 4 720 200 - 80 
Cerataulina Bergoni........ 200 - 240 560 - — 
Chaetoceros affinis.......... - - 280 160 - 60 
DERE aoc asin ces ~ ~ - 400 - - 
compressus........ 320 - - - - - 
constrictus......... 8 200 4 020 1 580 2 640 80 200 
decipiens.......... 320 - 300 180 - — 
diadema.......... ~ _ _ 280 _ — 
laciniosus......... 560 , 580 220 - - - 
Coscinosira polychorda.... . 80 40 - 140 - - 
Ditylum Brightwelli........ . 760 260 60 - - - 
Leptocylindrus danicus...... _ — - 100 _ - 
ae - _ - 240 - _ 
Melosira sulcata........... ~ - — - 20 220 
Nitzschia delicatissima...... 1 600 200 100 - ~ - 
NE Uiih ion ns ~ 160 140 100 - - 
Rhizosolenia alata.......... 2 840 4 020 1 840 440 60 60 
| ae — 40 280 40 - - 
Sceletonema costatum........ 527 000 318 520 59 240 33 980 1 020 700 
Thalassionema nitzschtoides. 160 40 80 - - - 
Thalassiosira decipiens...... 80 360 40 - 60 20 
ID Fas n'seiseees 2 520 960 340 200 80 160 


Ceratium bucephalum....... 120 40 60 40 - - 












































TABLE XLIX— Continued 


Coating Jisee...5 2.2.20 560 380 300 _ _ = 
RR Le an eae 80 20 100 ~_ - - 
et Rn 80 300 160 - - _ 

Dinophysis acuminata...... 40 80 120 - - 20 
NOTUEFICA.......... 160 340 100 _ - = 

Diplopsalis lenticula........ 80 40 80 - - —_ 

Exuviaella baltica........... 880 480 940 - 80 - 

Gonyaulax tamarensis....... 160 140 60 20 = — 
trsacantha......... 40 80 120 _ - _ 

Peridinium pallidum....... 40 40 20 _ _ — 
triquetrum......... 29 720 13 840 27 640 20 - _ 
trochoideum....... 560 520 60 20 - - 
A Bae aie asso 160 20 320 - 20 — 

Pontosphaera Bigelowi...... - 60 80 60 - - 
Huxleyi........... 16 560 41 980 50 760 600 _ _ 

Distephanus speculum 

a ee 840 480 40 100 - - 
| ee 840 180 20 - _ —_ 

Helicostomella subulata...... 640 1 820 1 080 _ — — 

Stenosemella sp............ 40 220 200 40 40 _ 


Chaetoceros borealis 40 m., 60. Ch. convolutus 1 m., 80; 40 m., 20. Ch. debslis 40 m., 80. 
Corethron hystrix 1 m., 40; 40 m., 20. Coscinodiscus excentricus 40 m., 20. Coscinosira Oestrupi 
10 m., 20; 40 m., 20. Guinardia flaccida 25 m., 20. Niutzschia closterium 10 m., 80; 25 m., 40. 
Rhizosolenia fragilissima 10 m., 80. R. setigera 1 m., 40. 

Ceratium lineatum 10 m., 40. Peridinium brevipes 10 m., 20; 25 m., 80. P. depressum 
10 m., 20. P. ovatum 10 m., 20. Ptychocylis obtusa 1 m., 40; 40 m., 40. 


TABLE L. Station 30.08A. August 17, 1932 


Scie aici Sarees 1 10 25 40 75 105 
TOMPOTIINES 0.6505 553 ais 10.60 9.85 8.55 8.99 8.41 7.05 
FO EEE 32.57 32.72 32.72 32.86 33.01 33.48 
RR 24.98 25.22 25.42 25.47 25.67 26.24 
men GG ft. sis ss 6's 6.69 6.42 5.84 6.11 5.93 5.09 
Oxygen, percent of satur.... 103.9 98.3 87.2 92.2 88.1 73.9 
Nitrate, mg. N./cb. m...... 60 72 120 - 95 - . 
Phosphate, mg. P:O;/cb. m.. 24 24 39 33 36 ~ 
Cerataulina Bergont........ 400 3 500 160 1 660 40 _ 
Chaetoceros cinctus......... _ 400 - - _ - 
compressus........ _ 300 _ 80 - - 
constrictus......... 1 800 17 900 2 520 73 640 5 460 1 500 
convolutus......... — — 80 740 - - 
Gacibiens.........5. = — - 120 160 _ 
GINGONER. coon c ee _ - _ 120 _ — 
lacintosus......... - 600 - 260 20 - 
Corethron hystrix........... - 200 120 20 - - 
Leptocylindrus danicus...... - - - 200 _ - 
DUE nicscass - 1 400 - - _ _ 
Melosira sulcata............ - _ 760 360 160 460 
Nitzschia delicatissima..... . 200 - 400 _ - - 


ae en ee 
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Rhizosolenia alata.......... 
fragilissima....... 
tmbricata.......... 

Sceletonema costatum........ 30 

Thalassiosira gravida....... 
Nordenskioeldi... . 


Ceratium fusus............. 
lineatum........ 
ND a hss nod 
DE Seyuessaxnes 
Dinophysis acuminata...... 
i 
Exuviaella baltica.......... 1 
Peridinium achromaticum. . . 


triquetrum......... 11 
trochoideum....... 


Pontosphaera Huxleyi....... 7 


Distephanus speculum....... 


Helicostomella subulata...... 
Stenosemella ep............ 


Actinoptychus undulatus 25 m., 40. Chaetoceros borealis 75 m., 40; 105 m., 40. 
nosira Oestrupi 10 m., 100. Navicula distans 40 m., 20. 


100 


100 


100 
100 


100 
700 
100 


100 
900 


200 


000 
100 


TABLE L—Continued 


38 


5 


100 
400 
800 
100 
100 


600 


800 
200 


160 


140 


480 
2 560 
20 


iss 


SSSSSSRBBi 


20 
60 


20 
80 


20 


Nitzschia closterium 1 m., 100. 





18 


20 


Coscs- 
Pleu- 


rosigma Normani 105 m., 20. Rhizosolenia semispina 40 m., 20; 75 m., 20. R. styliformis 105 m., 
20. Thalassionema nitzschioides 40 m., 60. Thalassiothrix longissima 40 m., 20. 
Gonyaulax triacantha 10 m., 100. Peridinium pallidum 10 m., 100. P. Steini 40 m., 20. 


TABLE LI. 


Depth. Meet ulaticnk aves bbe okakeae 


UE psa ony ive iin Kaw cee Sani 


Salinity... oka wees 


CA IR Bs o's 5 sss eens 


Oxygen, per cent of saturation..... 


Sa ee 


Phosphate, mg. P,Os/cb m.. 


Asterionella japonica........ 


Ss, Dek wens Fs 


Chaetoceros affinis............. 


Cg os is Gia yin isiein ites 


ee 
SOREOONE oc cesses 


Coscinodiscus centralis.............. 


excentricus........ 


Dates TFERIIGS «0 ooo ise ecesess 


Melosira sulcata........... 


Navicula distans........ 


120 


Station 30.12, August 20, 1932 


10 

12.02 
31.96 
24.25 


72 


25 
10. 
32. 
24 


94. 
84 
34 


1 080 
140 


94 


.63 
.08 
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TABLE LI—Continued 


Pe III 5.5, 6.0 6 ox sie 6 OAS ees 40 20 40 20 

NN oS ce aid a Sralskgyivn'a'b oe ewe 4 40 160 200 40 
ee 1 300 2 020 20 440 

ND oid obras ko. aia 8 dab 9 le 8 = - 160 - 
en, a 3 060 5 060 7 620 2 660 
Thalassionema nitzschioides.................. 80 140 120 70 
TP OIMIIOIITE GOIIOIIER, 5.055 555 on ices - 40 160 40 

iors As eioG eee ae OAS 40 240 560 40 
ee SE OEE ERT ELECT 140 80 - 60 

INS arco said sia adn Re 4004 odes 20 _ 20 20 

TT aah Rs hi gig sia sian kp hint p66 Amat 100 - - _ 
ee 140 _ 20 _ 
Nh a ico 5% by alw'gies a. 0-aieimin 300 — - - 
a 440 140 - 20 
Bo ne 121 800 1 240 180 900 

DO aces ocictewnla wvdw oaiee 6 2 680 180 20 140 
eS PC eer Tee eT rere 13 400 4 620 40 40 
Distephanus speculum var...........02.-0005- 40 100 40 - 
I Ere Ad a ici Gs die. 00 hee ws 160 60 20 40 
ee, ae arr 460 240 20 80 


Actinocyclus Ehrenbergi 10 m., 20. Biddulphia aurita 40 m., 20. Chaetoceros compressus 
10 m., 80. Ch. densus 10 m., 60; 25 m., 60. Ch. diadema 1 m., 80. Coscinosira Oestrupi 1 m., 20; 
10 m., 20. Pleurosigma Normani 1 m., 20; 25 m., 20. Rhizosolenia setigera 25 m., 20. 

Ceratium bucephalum 10 m., 20. Dinophysis norvegica 1 m., 40; 40 m., 20. Gonyaulax 
spinifera 1 m.,40. Peridinium achromaticum 1 m.,60. P. brevipes 1 m.,20;40m., 20. P. pallidum 
10 m., 20. 

Pontosphaera Bigelowi 10 m., 20. Stenosemella sp. 10 m., 20. 


TABLE LII. Station 30.23A, August 11, 1932 


NR ao oirs vise cide Cours 1 10 25 40 75 130 
a e 18.45 14.56 8.70 8.54 5.20 4.55 
Morice aoc aie ia 31.83 32.27 32.57 32.63 32.72 32.97 
BERENS ay inte cdaieteis o52048 22.77 23.99 25.29 25.35 25.87 26.14 
eS 7.44 6.73 6.39 6.12 6.02 5.39 -e 
Oxygen, percentofsaturation 132.5 112.5 95.4 91.1 83.3 73.6 
Nitrate, mg. N./cb. m....... 48 46 73 126 126 250 
Phosphate mg. P,O;/cb. m.. . 10 8 32 47 48 65 
Cerataulina Bergont......... — 20 140 - - - 
Chaetoceros affinis........... - - 100 _ - _ 
atlanticus.......... — - 60 60 20 _ 
ee _ - 60 20 20 - 
CompressuS......... o — 680" 200! _ _ 
constrictus.......... 120 - 6 700 1 260! - - 
ME ois nossa - _ 9 920 280 - - 
dectpiens........... ~ - 480 360 - - 
WINS hens hve ~ _ 280 _ - ~ 
ee = - 3 100 - _ - 
laciniosus.......... _ _ 1 260 60 80 — 


Corethron hystrix............ — _ 180 60 
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Coscinosira Oestrupi......... 
polychorda......... 


Nitzschia seriata 


Sceletonema costatum...... 


Thalassiosira deciptens....... 


Ceratium arcticum........... 
bucephalum......... 
0 ee ee 
See 


triquelrum....... 


trochoideum....... 


Coccolithus pelagicus......... 
Pontosphaera Bigelowt...... 


CL 


Distephanus speculum........ 


Parafavella denticulata.... 


Ptychocylis obtusa........... 


Guinardia flaccida 25 m., 40. 


Rhizosolenia alata........... 
fragilissima........ 
tmbricata........... 


ae 
Gonyaulax tamarensis........ 
Peridinium achromaticum... . 


120 
20 
120 
20 
260 
280 
20 


20 
40 


320 
580 


TABLE LII—Continued 


60 680 
100 600 
20 2 800 
480 2 200 
- 120 
100 680 
- 880 
- 180 
40 160 
160 = 
60 300 
140 _ 
80 _ 
240 - 
120 _ 
60 280 
40 _ 
220 _ 
380 = 
680 _ 
14 640 - 
40 220 
40 20 
- 80 


19 180 
20 
20 


13 980 


320 


520 


i\8essi 


20 


120 
40 


40 


40 
80 


420 





Nitzschia closterium 25 m., 80. Rhizosolenia semispina 


1 m., 20; 25 m., 20. Thalassionema nitzschioides 40 m., 60. Thalassiothrix longissima 25 m., 60. 
Dinophysis norvegica 10 m., 40. Gonyaulax spinifera 25 m., 20. Peridinium brevipes 
10 m., 60. P. conicum 25 m., 20. P. Grani 25 m., 20. P. ovatum 75 m., 40. P. Steint 10 m., 60. 


Acanthostomella norvegica 75 m., 20; 130 m., 20. Helicostomella subulata 10 m., 60. 
acuminata 25 m,, 20. Stenosemella sp. 75 m., 40; 130 m., 20. 


‘With resting spores. 


TABLE LIII. Station 30.26, August 11, 1932 
DR cc akdeads owx wena we 1 10 25 40 
ND os ns kk wae os 19.26 15.20 9.65 7.59 
rE oe a sig Swiss 31.76 32.14 32.63 32.84 
Cab ese ct Ss « cise a's 22.51 23.75 25.19 25.66 
oS | 6.23 6.44 6.98 5.66 
Oxygen, percentofsaturation 112.6 108.5 106.3 82.7 
Nitrate, mg. N./cb. m....... 43 43 43 126 
Phosphate, mg. P,O;/cb. m.. 7 10 17 39 
Chaetoceros affinis........... - 160 300 =- 
compressus......... 120 - - 2 200 
CONSENS ......2000 - - - 1 780! 
Ee ~ - = 800 
sss en secen - - - 660 
Ps issbeanens - ~ = 440 


~s 


nw © 
oon om uo 


*Rese 


EEz 


Salpingella 











Chaetoceros diadema......... - oo 
IGCHNEOENS. 0... 0.000 - 80 
Corethron hystrix............ - _ 
Coscinosira Oestrupi......... 20 160 
Nitzschia sertata............ _ 40 
Rhizosolenia alata........... 400 3 760 
Sceletonema costatum........ 80 _ 
Ceratium bucephalum........ - 20 
SS eee eee 100 140 
IR acces 575m - — 
DR ces uenicnc ces 100 
Exuviaella baltica........... 860 560 
perforata........... 380 140 
Gonyaulax tamarensis........ 100 200 
Peridinium triquetrum....... 60 120 
trochoideum........ -- 180 
Rea pik osaie piece en - 60 
Pontosphaera Bigelowt....... 600 300 
ee 4 260 16 920 


Distephanus speculum....... — 


TaBLe LIII—Continued 


140 

20 
120 
600 
120 


ou 


620 
40 
580 


740 
220 
220 

60 


120 


260 


20 


20 cas 
20 20 
20 - 
- 3700 
- 20 

160 20 
- ~ 
— 40 
- + 
- 20 
20 100 


Chaetoceros borealis 40 m., 60. Ch. cinctus 40 m., 20. Coscinodiscus excentricus 40 m., 20. 


Guinardia flaccida 25 m., 20. 


Nitzschia closterium 40 m., 20. Rhizosolenia imbricata 10 m., 80; 


40 m., 40. R. semispina 40 m., 20. R. setigera 10 m., 20; 120 m., 20. R. styliformis 10 m., 20. 
Thalassiosira gravida 10 m., 20; 25 m., 40. Thalassiothrix longissima 40 m., 40. 
Ceratinm arcticum 40 m., 20. C. lineatum 1 m., 20. Dinophysis acuminata 25 m., 20. 
D. norvegica 10 m., 20; 25 m., 60. Peridinium achromaticum 25 m., 20. P. conicum 40 m., 20. 
P. brevipes 25 m., 20;40 m., 20. P. depressum 25 m., 20. P: Grani 75 m.,20. P. Steint 25 m., 60. 


Coccolithus pelagicus 120 m., 20. 


Acanthostomella norvegica 10 m., 20; 25 m., 40. 


costomella subulata 25 m., 20. Parafavella denticulata 10 m., 20. Stenosemella sp. 1 m., 60. 


‘With resting spores. 


TABLE LIV. 


NS ad bk ie dk enw ekiaw es oie aks 1 
No obs eee se seseanes ll 
EET, OT MNIIE . 5 sen 2s wince 32 
LS nats 5s ieae Waka eRae ates 24 
RN EID 5 i.c 50 syste sists bn cee 7 
Oxygen, per cent of saturation..... 118 
Nitrate, mg. N./cb. m............ 32 
Phosphate, mg. P2O;/cb. m........ 10 
Asterionella japonica.............. = 
Cerataulina Bergoni.............. 2 300 
CIES GRIER. oo. 0 oc sisccecces 2 100 
Dc) dances ex's vie 300 
SR c6tun knee . .259 700 
SD ic csazdseot' 34 200 
ee 11 800 
Di enaccrat creas 8 400 
CO ee 3 600 


500 


.99 
.20 
44 
43 
2 


10 
9.50 
32.48 
25.09 
6.24 
94.7 


30 
820 


18 580 


8 660 
4 620 
820 


Station 30.30, August 14, 1932 


8.95 
32.59 
25.27 

6.16 
92.4 


iss 


580 


4 460 
820 
480 


Heli- 
40 75 
8.79 8.56 
32.63 32.68 
25.32 25.39 
5.96 5.82 
89.2 86.7 
93 116 
30 35 
1 600 - 
260 500 
2 460 - 
401 = 
5 320 3 140 
_ 120 
360 - 
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TABLE LI1V—Continued 


Chaetoceros laciniosus............. 2 700 
Coscinosira polychorda............ _ 
Leptocylindrus danicus............ _ 


NN re cine a nw wine — 
a _ 
Nitzschia closterium......... wees 100 

delicatissima............. — 

EE ieee = 
PI INES 65 avn oa ihc ewes 100 
Rhizosolenia alata........ eed 300 

COENEN 1. vy cisnx oo’ 2 500 

os Gio es sob ae - 
Sceletonema costatum.............. 200 


Thalasstonema nitzschioides........ _ 
Thalasstostra dectpiens............ =~ 


IN Senses sb chee cess - 
OCCT ere 100 
BGS echinsisens ices 100 

Dinophysis acuminata....... Stak 100 

Exuviaella baltica............. ov 300 

Gonyaulax spinifera.............. 100 

Peridinium triquetrum............ 2 000 
ee 100 


Pontosphaera Huxleyi _ 


Distephanus speculum............. 400 


Stenosemella sp _ 


Actinocyclus Ehrenbergi 25 m., 20. Corethron hystrix 25 m., 60; 75 m., 20. 


Thalassiothrix longisstma 75 m., 20. 


Helicostomella subulata 75 m., 20. Ptychocylis obtusa 75 m., 20. 


'Resting spores. 


300 
240 
280 


60 
140 


100 
200 
740 


240 


180 


240 


40 


40 


120 


20 


40 
100 


40 


10 


140 
240 


82,5881 1 


20 
20 


20 


TABLE LV. Station 30.36, August 18, 1932 


Mar aG Eki ties ways vk ba toes 1 
es os crbeceishe¥ ' 13.24 
a 32.12 
eee eer ee oer 24.14 
S| eee 6.79 
Oxygen, per cent of saturation..... 110.5 
Petuete, tag. N.fED: MM... 2006.00 43 
Phosphate, mg. P:O;/cb. m....... 10 
Asterionella japonica.............. 1.000 
Cerataulina Bergont........... - - 
Chaetoceros constrictus.......... : — 
Ee re _ 
655 vib o bikie» - 
ae 200 


Coscinodiscus radiatus _ 


10 

11.37 

32.29 

24.62 
6.64 

104.2 
30 
19 


140 


120 


% | 


140 


240 


100 

14 920 
40 

620 
380 


20 
20 


40 


20 


20 





Coscinodiscus 
excentricus 25 m., 20; 75 m., 60. C. radiatus 25 m., 20. Ditylum Brightwelli 25 m., 20; 40 m., 20. 


.95 
.70 
.63 











Coscinosira polychorda............ = 
Ditylum Brightwelli............... _ 


Leptocylindrus minimus........... _ 
NE ocean ec cicse sc os 
Nitzschia closterium.............. 200 
Rhisosolenia alata................ 2 700 
SI 0 :6', cee o oa - 
ee eae -- 
Sceletonema.costatum.............. 17 100 
Thalassiosira deciptens............ 100 
Nordenskioeldi........... -- 
Ceratium bucephalum.............. 100 
NN SOND -s'atn' ps Biv a’ 8eor0's 100 
ih so bases eae = 
CE akcakts nix 6 ba waiae _ 
Dinophysis acuminata............ 100 
I oy 66 5:5« din 6's ie 9 o- 
Diplopsalis lenticula.............. 100 
Exuviadiia baltica........5.s0000: 1 500 
Gonyaulax Tamarensis............ 
Peridinium achromaticum......... 200 
SEE SiNaiaveis gue sto win oie 100 
ere 
trochoideum............. 1 000 
Pontosphaera Bigelowi............ 300 
ee 12 300 
Distephanus speculum............. _ 
SE eT 200 
Helicostomella subulata............ 300 


IN ON ooo 0 x5. cacy swine - 


57 


_ 


Coscinosira Oestrupi 25 m., 60; 40 m., 40. 


TABLE LV—Coniinued 


700 


300 
600 


400 
100 


100 


400 


500 
900 


Eucampia recta 25 m., 40. 
catissima 25 m., 40. Rhizosolenia semispina 75 m., 20. Thalassiosira gravida 25 m., 20. 


20 
40 


i188 


Zee 


| 


40 


Nitzschia deli- 


Peridinium conicum 40 m., 40. Parafavella denticulata 40 m., 20. Ptychocylis obtusa 


25 m., 20. 


TaB_e LVI. Station 31.01C, September 12, 1932 


Sh esas aisles eeae we 
Temperature........ 


NE oe i wn wisea tind sm eldo wee w aes 
Oxygen, per cent of saturation.............. 
POR GON, PU FO Macs cc ccvccvsecswesse 


Number of cc. examined................... 


IID Ns. 59.o.5.5 55 2s 6.4 00a 0 005 was 
ere ee eee 
iia sisi occsecccccceres ces 


RI hoa x'gisn che Bi p'ahe bans pliiis Sib slorsarnerte ac 


1 
12.74 
32.12 
24.24 

5.71 
92.2 
48 


10 


700 


7 
12.33 
32.12 
24.32 

5.84 
93.7 
48 


10 


20 

11.77 
32.18 
24.46 


5.55 


58 


464 


TaBLeE LVI—Continued 


ET 6. cass beads eeve nee ees - 500 - 
Rac cst h orn ssc¥ sib teks ks - 400 - 
ag nck ke bwin waa ee awe ~ - = 
EE, act Cin beeen ec cee areeAe ss 1 000 100 200 
socialis...... Wie Cidade ine sei ewe — _ 6 100 
SE, ec SM a Ope - - 200 
ads essr sss arenes hey btw rea - 300 - 

Ns wsokc0 Css viecanereewan _ 100 - 

Guinardia flaccida....... 300 1 200 300 

Nitzschia closterium..... 800 100 700 
IN Shh tars wd esi oe = 600 1 300 
acne DENN san ee kes e Ay - 100 - 

SS Re eT Pere ee 100 100 - 

on Sip ask one salnweas 650 2 050 250 

Sceletonema costatum........ ee er 1 400 2 200 12 700 

Thalassionema nitzschioides................5. 100 600 67 500 52 300 

ly soc oe dina 300 500 3 200 

ee a aida 's n'ebw wR _ 200 100 
ns See ee ee 200 - 100 
GLO ED oars sah Gs hed, ab Seen ee _ 200 - 

rN ss ck sks so acnewhs ee © 200 400 _ 
Ptr Vesti tines ssssereen ys — 200 - 

boy wich alse ha Sees Saeeen's 700 400 400 

NS aa as ona hese cease 300 _ - 

Porédémiobeis robundate 2.2... ..0.s0cccsseees 100 200 - 

oo” eee ee ee - 100 100 
So ncehcsGuabinccurkeehe en = 200 - 
ccc saan esse awee eae 200 900 100 
PE i606 ccc choeevesy esos ee 400 - 100 

I NIG on ica kuin oder dsbnies 2 300 2 900 900 

Helicostomella subulata.............200000000- 300 100 100 

Lohmanniella oviformis..... arts hints Witte cerns _ 100 100 

es a on a bias nine bik Sain 500 4 100 100 


Corethron hystrix 7 m., 100. Coscinodiscus excentricus 20 m., 100. 
20 m., 200. Melosira sulcata 35 m., 300. Rhizosolenia setigera 1 m., 100. 


Ceratium longipes 7 m., 100. Peridinium cerasus 7 m., 100. Pontosphaera Huxleyi 7 m., 


200. Halosphaera viridis 1 m., 200. + 


TaBLe LVII. Station 31.05, September 12, 1932 


NG SSa bs Sc akuh shee) xe ie Ses eNeees b5% 1 7 20 
Number of oc. examined............cescecee 10 10 10 
Ranch sSch vaueek bes 00's 21 200 89 400 40 100 
NS ST TT Ce ee - 500 200 
Chaetoceros affints v. Willet............00005: _ - 600 
EA ciGl Lens take boo eke’ - - 700 
INS. vecegusnew nous toes - 100 100 
eect Sindee seh inex’ - 3 100 1 000 


DT 656s it tics soe es ativess 900 600 - 





|) $888, 88885. 885882 


| 


100 


Leptocylindrus minimus 





TasBL_eE LVII—Continued 


ee NR ook s 6 '0'n0 6 0 Be 0 0 sae eeininee 
SOI BDEIB a. 6 5.55 60.05 0:00 0505000000 
SE EOE CCT eee ere 
I IE a iisie visio ddbac een dibavnicinnss 
DN 5 ac oyibis doleiatiecaas-ouBie.ee 
ol haa tale pidnsneeeiae eae 
SEE LLIP OOP CCT TEE OT 
fr Ri ce clas gga oN se 


pe 
Thalassionema nitsschioides.............6.004. 
Sere ee eee eee 


IN Can dWe ke utp esa kiiaealee tai 
PURODRITES GOMMGNEEE, «5 ooo sc asicccccccceses 

ala bike p9°s-0io 4 5 6's 0's Sib <0 sh 
EE A CMe re ore 
CN egos are cod ba we Be ecenes en's 
IT I so os ivio.cawe veces ceene's 


Pe eee eo 
OEE L OCTET POET EL ET 
IN TIT 0.5 55355 since ccs cacsscs 


Lohmansniella oviformsts...........sccccccceees 
I in ch oo k's sa. aniewewn ss ¥awtee 


1 500 


538,851 .8 


Se 


127 


238 


465 


500 
100 
500 
100 
100 
300 
100 


68 600 


= 


300 
400 


100 
400 


Corethron hystrix 75 m., 100. Coscinodiscus cinctus 7 m., 100. C. excentricus 75 m., 100. 
Leptocylindrus minimus 7 m., 200. Navicula distans 20 m., 100. Rhizosolenia alata 75 m., 100. 


R. setigera 7 m., 100. 


Ceratium fusus 75 m., 100. Gymnodinium Lohmanni 75 m., 100. Peridinium globulus 


20 m., 100. 


Helicostomella subulata 1 m., 100. Laboea conica 7 m., 100. L. strobila 7 m., 100. Strom- 


bidium sp. 20 m., 100. 


TABLE LVIII. 


NR Ss dG KG gb oti y Bales mete Neos 1 
ee EEE OP POC TET OTe 12.06 
RES ec carck ns fag Ocenia 32.00 
Re aca rgag Sepia wre sec a 24.27 
POMEL, os v.0.x 50:50 0e tietev-s 5.92 
Oxygen, per cent of saturation..... 94.3 
Asterionella japonica.............. 440 
Chaetoceros constrictus............ 380 
De vosin as 6nd 160 
Ditylum Brightwelli............... 160 
ee - 
Nitsschia closterium.............. 20 
delicatissima............. 120 
Sceletonema costatum.............. 3 080 


Thalassionema nitzschwoides....... 
Thalassiosira decipiens............ 


10 
11.99 
32.09 
24.36 
5.81 
92.5 


2 000 
420 


260 
40 

80 

1 080 
160 


Station 32.05, September 26, 1932 


25 
11.69 
32.29 
24.56 
5.76 
91.0 


= 


280 
300 
320 





466 


Thalassiosira sp 


Peridinium triquetrum 
trochoideum 


TABLE LVIII—Continued 
160 


40 
60 


40 


20 


20 





Coscinodiscus centralis 1 m., 20; 25 m., 20. C. excentricus 75 m., 20. C. radiatus 1 m., 20. 


Coscinosira polychorda 40 m., 20. Guinardia flaccida 75 m., 140. 
Pleurosigma Normani 25 m., 20. Rhizosolenia imbricata 75 m., 20. R. setigera 25 m., 40. 


Navicula distans 40 m., 20. 


Ceratium lineatum 1 m., 80. C. tripos 1 m., 20; 10 m., 20. Dinophysis acuminata 10 m., 20. 
D. norvegica 1 m., 60; 10 m., 20. Gonyaulax tamarensis 1 m., 20. 


Distephanus speculum 10 m., 40; 25 m., 20. Parafavella denticulata 1 m., 20. Stenosemella 


sp. 40 m., 20. 
TABLE LIX. 

Rt ink usecase 1 
Temperature............ 11.69 
ere 32.56 
Ep ccescsuknns beakencene 24.78 
eS 6.39 
Oxygen, percentofsatur.. 101.2 
Nitrate, mg.N/cb.m...... 19 
Phosphate, mg.P,0;/cb.m. 13 
Asterionella japonica...... 2 320 
Chaetoceros deciprens...... 20 

diadema........ 320 

laciniosus....... 180 
Coscinosira polychorda.... 20 
Guinardia flaccida........ 120 


Leptocylindrus minimus.. . - 
Melosira sulcata -- 


Nitzschia closterium...... 100 
delicatissima..... —- 
Rhizosolenia alata........ 40 
Sceletonema costatum...... 6 560 
Thalassiosira decipiens.... — 
i écserece nse we 460 
Ceratium fusus........... 160 
lineatum........ 80 
ee 20 
DE chsansskee 140 
Dinophysis acuminata.... 60 
norvegica........ 40 
Exuviaella baltica........ 1 740 
Peridinium triquetrum....3 620 
trochoideum..... 260 
Eutreptia Lanowi........ 360 
Coccolithus pelagicus...... 60 
Pontosphaera Huxleyi..... 860 


Distephanus speculum var. — 
Ebria tripartita 


Helicostomella subulata.... - 


ou 


Station 32.07, September 14, 1932 


10 
ll 
32 


20 
18 


640 
220 
40 


360 


140 
520 
180 
200 


40 
120 


420 
620 
160 


40 
540 


20 


25 


.60 ll 
.56 32 
24. 

6. 
101. 


79 24 
38 6 


1 100. 


20 


15 


2 120 
220 


20 


140 


40 


8 620 


440 


120 
160 

40 
440 


2 740 
480 


440 


520 
40 


.50 
.61 
85 
35 
2 


40 
10.97 
32.72 
25.03 
6.26 
98.2 


5 680 


300 


20 


100 
20 


140 
360 


140 
40 


40 


75 
8.94 
32.92 
25.52 
5.58 
84.0 
110 
34 


2 080 
240 


100 


240 


3 040 


140 


7.57 
33.42 
26.12 

5.05 
74.0 


240+ 
50 


820 


175 
7.59 
33.44 
26.13 
5.08 
74.5 
240+ 











TABLE LIX—Continued 


Biddulphia regia 140 m., 40. Chaetoceros convolutus 1 m., 60. Ch. debilis resting spores 
140 m., 40; 175 m., 20. Corethron hystrix 1 m., 40. Coscinodiscus excentricus 175 m., 60. Cos- 
cinosira Oestrupi 1 m., 20; 25 m., 40. Ditylum Brightwelli 1 m., 20; 10 m., 20. Niétzschia seriata 
75 m., 80. Rhizosolenia fragilissima 140 m., 20. Thalassionema nitzschioides 1 m., 80. 
Ceratium bucephalum 10 m., 20; 25 m., 20. Gonyaulax spinifera 1 m., 20. G. triacantha 
10 m., 20; 25 m., 20. Peridinium achromaticum 40 m., 20. P. brevipes10m.,60. P. depressum 


140 m., 20; 175 m., 20. P. pallidum 25 m., 20. Prorocentrum micans 40 m., 20. 


Lohmannosphaera subclausa 10 m., 20. 
Favella serrata 25 m., 20. Parafavella denticulata 75 m., 20. Stenosemella sp. 75 m., 40. 


TABLE LX. Station 32.35, September 15, 1932 


Temperature 
Salinity 


ge re 
Oxygen, per cent of saturation 
Nitrate, mg. N./cb. m........ 
Phosphate, mg. P,O;/cb. m... 


Asterionella japonica.......... 
Chaetoceros constrictus........ 

ee 

lactntosus........... 
Coscinosira Oestrupi.......... 
Ditylum Brightwelli........... 
Melosira sulcata.............. 
Nitzschia clostertum.......... 

delicatissima......... 
Rhizosolenia alata............ 
Sceletonema costatum.......... 
Thalassionema nitzschioides. . . 
Thalassiosira decipiens........ 


Peridinium brevipes.......... 
bréquetrum........... 
crate vscsdene'n 


Coccolithus pelagicus.......... 
Pontosphaera Huxleyi......... 
Distephanus speculum var..... 
Ebria tripartita..........004. 


Cerataulina Bergoni 25 m., 20. Chaetoceros convolutus 75 m., 20. Ch. densus 10 m., 80; 
40 m., 60. Corethron hystrix 25 m., 20. Coscinosira polychorda 75 m., 40. Guinardia flaccida 


20 


10 


Ly 
32. 
24. 


120 


25 m., 80. Rhizosolenia imbricata 25 m., 40. 


Ceratium bucephalum 25 m., 20. C. lineatum 25 m., 40; 40 m., 40. C. longipes 10 m., 40; 
25 m., 40. Dinophysis acuminata 1 m., 20; 40 m., 20. D. norvegica 10 m., 40; 25 m., 40. Diplo- 


25 40 
11.41 
32.50 
24.78 
6.00 
94.7 
36 36 
19 27 
260 1 300 
_ 140 
= 240 
140 - 
— 20 
40 20 
20 80 
- 20 
640 1 340 
40 40 
= 60 
100 260 
80 _ 
40 - 
200 40 
20 20 
320 140 
20 40 
100 60 
120 60 
_ 20 
460 20 


10.67 
32.63 
25.01 
5.87 
91.4 


75 


9. 
32. 


25 


o 


106 
34 


200 
360 


20 
20 
80 
80 
20 
260 
40 
120 
120 


20 


20 


20 


40 
20 
20 


55 
86 


37 
72 
87. 


0 


115 


26 


135 
42 


psalis lenticula 25 m., 20. Gonyaulax triacantha 25 m., 20. Peridinium pallidum 75 m., 20. 
Syracosphaera sp. 25 m., 40; 40 m., 20. 


Helicostomella subulata 40 m., 20. Favella serrata 75 m., 40. 


72 
33. 
.08 
es 
75. 








